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Foreword 


lliis series is dedicated to Electrical 
Progress— to all who have helped arid 
those who may in the coming years help 
to bring further under human control 
and service to humairity this mighty 
force of the Creator. 

The Electrical Age has .opened new 
problems to all connected with modem 
industry, making a thorough working 
knowledge of the fundamental princi- 
ples of applied electricity necessary. 

The author, following the popular appeal for practical 
knowledge, has prepared this progressive series for the electrical 
worker and student^ for all who are seeking electrical knowledge 
as a life profession; and for those who find that there is a gap in 
their training and knowledge of Electricity. 

Simplicity is the keynote throughout this series. From this 
progressive step-by-step method of instmction and explanation, 
the reader can easily gain a thorough knowledge of modem 
electrical practice in line with the best information and experi- 
ence. 

The author and publishers here gratefully acknowledge the 
hearty and generous help and co-operation c^^ ^ose who have 
aided in developing this helpful smel Of Educ^rs. 

The smes will speak for itself and “those who run may read." 



The Publishers. 
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How to Use This Book 


Finder 



IMPORTANT 


To quickly and easUy find information on any nnbject, read 
over the general chapter headings as shown in the large type — 
this brings the reader’s attention to the genial classification of 
information in this book. 

£ach chi^er is progressive, so that if the reader will use the 
outline foUowing each general chapter heading, he will readily 
come to the information desired and the page on which to 
find it. 

Get the haltit of using this Index — it will quickly reveal a 
vast mine of valuable information. 

“An hour vnth a book would have brought to your mind. 

The secret that took the whole year to find; 

The facts that you learned at enormous expense. 

Were all on a library shelf to commence." 
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CHAPTER 95 

House Wiring 

The wiring of finished houses is not as easy as it may appear, 
as there are no two houses built alike, and there are no two 
wiremen who would wire the same house in the same manner. 



Fig* $rS60.'-»Plan showing one floor of « dwelling wired with conduits. The nunobeft 
Cfi the various outlets Micete the number of lamps supplied. The wiring is carried out 
on the loop systems and it will be noticed that no branches are taken off between outlets. 
Four drcuits are iiai^ in order that there may not be more than ten lamps on any one circuiU 
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are numerous setbacks that make it diffiodt to 
pooei^ Isiiyi the work quickly ,*8uch as parquet floors, dovitile 
floras, ck%[ged partitions and other obstructions which are met 
with but if the instructions be carefully followed nc difSculty 
will be experienced. 

By laying out the job and drawing a rough sketch much labor and ma* 
teiial will be saved. 

In many cases the only instructions given the electrician who does the 
wuii';g is simply a plan riiowing the location and munber of lights, from 



lite. 5,561. — Two win parallel eyatein aa in isolated plant. 



FiC S,S62.*‘]>oub1e throw switch for use in isolated plants when auaiiiary power I* Pasd fioca 
the central station in case of breakdown. 


PiOw 5.$63.'-*D(Wble thiow three pote iwitdi lor nee In Matbd i4an«a ivtaa 111x15^ 
hronght in thnnigb three wire eyetem. The side M the ewitdi eontmllta t|w O Bia nt W 
hridfedMeiioivii. 
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w^kli he miiat fikoie out bow to install then vning the least amount of 
material and Isibor oooshtent with a good installation that will pass m- 
section* 

It dioukl be dttoertaizted how many eockets are to be attached to each 
oiltet . as the code allows only 660 watts to each 2 wire drcnit on 40 watts 
per socket; base plugs are counted as sockto. 

After having laid out the number of lights per circuit and the number 
<rf drcuitSs thw center of dbtributkm should then be found— 4f a large 
bouse having over 4 drcuits, it is advisable to install a panel board that wUl 
feed the various circuit^ tl^ pand should be installed at a central point. 



rm, 6^64.— ^Thrae wire convertible, or three wire two wire system; used to advaniage where 
power is supplied from an outstCe source and brought in through the three wire system. 
The only difference between the three wire convertible, and the straight three wire system 
to that the center or neutral wire of the mains and feeders should have a current opacity 
ecsial to the other two. The reaean for this is that it allows the system to be readily changed 
over to a two wire S 3 rstem for use in connection with a private plant. 

hlo. 5,665. — Diagram showing reinloroeinent of neutral wire necessary to changeregular three 
wire system to two wire system. The capacity of the neutral wire must egual that of Uie 
sum of the two other wires. 


Panriboaids in loft buildings or in any buildmg requiring 8 to lOdrcuits 
to 0 floor rixndd be distributed one to a floor. 

la a budding covering a larp area it is often advisable to install two 
pands or oenters to a floor, with two sets of feeders. It is advisable to 
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kieq> dfcuit lengths down to 100 feet ot less, and the Judicious laying out 
of circuit centers will save many feet of wiring. 

The distributing centers or cut out cabinets should be installed near a 
pertitioti that is so located as to inake the running of risers easy , and fdiould 
be on an inside wall to guard against dampness. 

If only one distributing point be used, it should be either in the oellat 
or attic and risers nin to the different floors. 

In pdvate houses it is sometimes advisable to install only one pani^ {nr 
the entire house. This is good practice for a three story houk not xequirinp 
over twelve circuits. 



In some cases it is not advisable to install a panel, but to bring the wires 
down to the cellar, to the meter board where f\w blocks fcv the vanous 
circuits are installed on the meter board. 

So-viee Ciumectimis.— By definition a smke is ttu^ pmtim 
cf the supply cmductors which extends from the stre^ mom or 
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duct or transformers to the service switch, switches, os switchboard 
<tf the building supply. 

There are numerous methods of making service entrance into 
buildings, and they may be classified as 



2. Conduit. 


e. Overhead; 
b. Underground. 

Fig. 5,566 shows a tube service entrance for a angle wire. 
The essential requirements are 
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1. De^ end insulator to carry the strain; 

2. A connecting loop projecting downward forming a 

3. Extra insulation as porcelain tube where wire passes 

through building; 

4. Porcelain knob to keep wire away from wall and prevent 

^strain on the switch connection; 




Pigs. 5^70 to 5,573. — ^Method of Installing Pierce wire bolder inttilator. Pint a fig. 
8,570; then a few turns, fig. 5,671; tighten with screw-drivet, fig. 5,572; and tie ia the Une. 
fig. 5,573. 

5. Cut out switch. 

The conduit overhead service entrance ib tne most satis&ctory method 
of bringing in service wires from overhead lines. If it become necessary 
to install new wires the diange is more easily made than with the tube 
service. 
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Rigid conduit n used extending finxn the cut out smtch to 
« point at least eight f^t above the ground. 

The wires enter the conduit through a fitting called a smk€ cap^ as 
shown in fig. 5,574 to protect the wires where they enter the conduit and 
also to prevent water entering the conduit. 




Fio. 5.57 1.— 'SiM^vke cap as used in overhead conduit service. Note porcelain with holes 
throush which the wires enter. 

Fto. 5,57S.-^*Overhead conduit service entrance showing httings used and connection with the 
•witch box. 

To install a conduit service entrance, a hole ^ould be drilled 
or bored through Uie wall where the conduit is to pass. 

Tht oemdott may titen be bent so that the end passing throug^i Uie wait 
extenda H >ach inside the main line switch cabinet. Instead of bending 
tiw conduit, the turns may be made with an approved conduit L fitting 
{not a common pipe dhow) as shown in fig. 5,575. 




2.908 


House Wiring 


The end of the conduit is secured to the switch box by meansof a lodc^ 
nut and bushing. The locknut is screwed on the conduit before it enters 
the switch box. The bushing is placed on the end of the conduit inidde of 
swi^ box. This bushing is made to protect the wires where they leave 
the pipe, and should be screv^ up tight with a pair of gas or combination 
pliers. The locknut is then drawn up against the wall of the cabinet until 
the conduit is held securely in the switch box. 

That portion of the conduit which is on the outside of the building is 
held in place by means of pipe straps, which in turn are fastened with 


LOCK NUT 

TO SECURE OOtiDUrr TO SWITCH BOX 



screws. The L condulet must be of the weather proof type. Figs. 5,577 
to 5,579 show one type of L condulet. This fitting is made weather^ 
proof by placing a rubier gasket between the body of the fitting and the 
cover. 


Underground service entrance consists of a run of conduit 
extending from the street manhole to the switch box. 

Wires encased in a lead sheath are pulled in. These wires must be 
continuous without a splice. The conduit should be jdaced de^ enough. 
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(at least 30 indies) so that there is little chance of anyone coming into 
contact wiUi it. while digging the ground for pavement or other sudt por- 
poees. Care should also be taken to close the openings around the con^ 
duit where it passes through the wall. The space between wires and 
conduit at either end should be sealed to prevent sewer gas entering the 
building. 

Fig. 5.580 shows a typical undeiground service entrance. 

Feeders and Mains. — In making a feeder layout for a large 



Tta. 5,577 ,^Weather proof L cond^ilet for making 90* turn. Jt ii the equivalent of a 90* 
idpa etbov deugned to meet the electrical requirements. 

Figs. 5,578 and 6,579.->-L condulet gasket and cover fastened with screws. 


building, a good method is to draw an elevation of the build- 
ing as in fig. 5,581, and note on each floor the current require- 
ments. 

The best idan is to furnish a feeder for every floor, espedally in large 
installations. In snraller installations one or two feeders are sometiniM 
all that are required. 



2,910 


House Wiring 


for motors should be independent of lighting feeders. In celea^ 
lating siees* feeders requiring over 2 inch pipe should not be used. It is 
better to subdivide them, especially if there be many bends or onsets, since 
two inch pipe is about the limit m size for economical handling. 

Feedeis should radiate trom a distributing panel, having a proper dzed 
switch and fuse lor each feeder. 

If the system of wiring be such that auxiliary power is taken from a local 
lighting company . it is a good plan to have each circuit controlled by a 
double throw switch so that in '^se of overload, any circuit can be led from 
the iHuminatmg company’s mains as in hg. 5»562. 



It is advisable to install feeders and mains in conduit even though the 
circuit wires be run otherwise. Since the former carry the main supjdy 
of current it is important to have them well protected as they usudly 
run up side walls. 

Tht Ijnderwnters make numerous restrictions against op^ or moulding 
work Oil brick walls and require good protection, and this is an additional 
reason for piping the mains and feeders. 

In laying out the branch circuits, it is not good practice to use up the 
Underwriters’ circuit allowance of 66Q watts. 

If a circuit be wired with the full allowance of lamps, no additions could 
be made without violating the Code requirements. 
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Loe»<^ Oaflets.— If oomealed wir- 
ing is to be installed, the outlets ^loaki 
be marked (m the omlings and walki 
with a pencil cross at the spot, mark- 
ing also the location of switches, etc. 

If a odling outlet is to be jriaoed at the 
center of the ceiling, it is first located on 
floor and then transferred to die cedteg bjr 
means of a plumb bob. 

Fiffring Strips.— Aftor locating the 
outlets a small portion of flowing is re- 
moved to find out whether or not there 
are seven-eighth inch furring strips be- 
tween the jc^tsand the ceiling plaster. 


Fio. 5,8B1. — ^Diagram showily cunentneqtxired on each llocr of buikting. A of this Idi^ 

la oaaful In Utynig out the feeder aysteiii. 



&382<-^Metliod of locating outkt with a oompate, A atrongly magnetiied Ale St 
at the poial adeetad lor outlet, then hy eiqiloring on the floor above with a oompaai, tbe 
naadfe wUt be agitated when moved dtobctlv over the file. 
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Ifa house have hot air registers set in the floors, they may be lifted upi 
instead of takmg up flooring. If it be found that there are furring strips, 
much labor will be saved, as the wires may then be fished frmn outlet to 
outlet and little flooring need be removed. All houses, however, are not 
so built, so in case there be no furring strips it will be necessary to take 
up the floor and bore a hole in each joist or beam. 



Fig. 5,583. — Installation of wooden cabinet containing fuses and cut out switches for each 
circuit. The term cut out box is usually applied to boxes designed for surface mounting 
and accommodating only a few circuits, but it is also frequently used to designate the smaller 
and cheaper forms of boxes used in concealed work, llie above box is lined with adxBstoa 
or metal. The mams and the branch circuits are led into the box through porcelain tubes. 
The finished box has a wooden door lined with fireproof insulating material, such at slate 
or asbestos board, and is finished on the outside to harmonixe with the adjacent trim. 


Cutting the Outlets. — After locating the centers for the out- 
lets, the plaster must be cut out so that the outlet box will 
set in. 

For this purpose a special tool has been designed; this lister drill is 
instructed so that it may be fitted over a gas pipe, the cutters arc ad- 
justable so that any size holt may be cut. A bell shai^ cup catches 
anv dirt that mav be removed so that a neat and clean iob is made if a 
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drill type be used. Bid if a plaster drill be not obttdittUe, die oottat 
box shoidd be traced over with a pt»dl similariy as in Sg: 5,51^ and the 
lister should be chiseled around this mark wi^ a i4 inch Made screar 
driver. 

Taking Up How. — Various kmds of flooring are to be en- 
cmmteml in wiring houses. 

In those built previous to 1875 the floor boards are aswide 
as 10 to 12 '! and are smoothed edged, unlike the present day 



Figs. 5,586 and 5,587 .--Floor saws. Pig. 5,586, ordinary compass saw. It should be about 
8 to 12 ins. long, very thin blade and tapered to'H in. at the end; fig. 5,567, special double 
ed«e saw Tor finished fioora. 

Pigs. 5,588 and 5,539. — Method of working the double edge saw, Ffg, 5,588, ataiting the cat 
with back edge; fig. 5,589 finishing cut with front edge. 

type of board which has a tongue and groove* This type of 
flooring is very simple to take up* 

If when cutting the outlets, a small h<4e be bored through the ceiling 
and the bit pushed up till it comes in contact with the fboring of the room 
above, and this flooring be also 1x^ed» it will show where to tato up the 
flooring to install the wires when they run parallel with the jdats. When 
die wires must run perpendicular to the beams all the flooring mdftt he 
taken up so that the holes can be bored in the joists tfaitnis^ wUch the 
wires must pass. 
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I’loca’ planks axe i«operly removed by driving the trails ddvm 
with a nail set and lifting up the board. 


If double floors be encountered, it will be found very difficult as double 
floors are constructed of hard wood such as oak, or mai^e, and must be 
handled with extreme care and patience. For this type of floor, the tongue 
is split by inserting a carpenter’s floor scraping bl^e, which is a sheet 
of steel about 4x6x'Im"- These can be purchased at any hardware store 
at a small sum* 


The scraper should be hammered down so that the toi^e is split, both 
sides of the board should be split, so that no difficulty will be experienced 
when lifting up the board. 


CHISEL 


FLOOR.^ 


bOARD TO BE 
REMOVED 


Y 






JOIST 



Fig. 5.S90 and 5,591,— Two methods of cutting tongue of floor planks. Fig. 5,590, with chisel 
at angle— this cuts off tongue and also lower Up of adjacent plank; fig. 5,591, with scraper 
making a vertical cut. 


After both sides of the board that is to be removed have been treated 
as above, a floor chisel diould be inserted where the ends of the board 
meet with another and the brard gently raised. 


In raising the board, it is better to take time and proceed 
cautiously, as the fi;^8t floors nray easily be ruined by 
having one board split, chipped or marred. 

Before the boards are removed, they should be numbered or marked 
so tM* they win go back in place without any confusion. They should 
be in a safe place untfl ready to lay back tiie floor. 

Holes for wires should be bored in tiie cento: of the jcusts so that whoi 
laying back the flooring, the niuls will not penetrate the metal riwatii 
and dKMt circuit or ground the wires. 


Pockets. — The center of «Kdi pocket is indicated by 
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the small hole which was bwed through the flooring when 
cutting the ceiling outlets. 


In opening a pocket bored to insert a keyhcde saw thtoug^ 



Flo. 5pS92.— ‘Sectioiial Yiew showing method of cutting a pocket or opeoing la floor for the 
insertion of wites. 


the joint between two boards at each end of the pocket, and as near the 
bea^ as possible , then the board is cut at an angle as indicated in fig . 5 ,S92 , 

Next saw the tongue of the matched boaid on each side and pry 
up the boards with a chisel. Having taken up the boards, naS a deat 
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on tae 4de of ea^ fokt aa in fig. 6.5^ ao that when the floor is laid fade 
tlieie vffl be a good seaport. 

A base board is next installed as in fig. 5.593 to give a secure hold fbi tfar 



L^Ui. 5,593.— View of outlet pocket showing base board, and cover supports in position. 



rto. 5,594.— View of completed pocket end ceiling outlet showing method of bringing out 
the wires. 
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•crem use^ in fastening the fixtures. Two holes aie that boardd dl«f# 
cmally with an ^Vie inch bit. inserting the bit in the small hde bored in the 
ceiling as in fig* S.592. Ine outlet wires are then tied around the kiiobs» 
the upper being bared and tapped on to the main wire. A piece ot 
loom is slipped on each outlet wire after which it is thrust tibroui^ the 
outkt as in fig. 5,594. 










CONCCNTRtC 

KNOCKOUT 




0 - 


knockout cap 


Pios. 5.895 to 5,597. — Methods o( removing Knockouts and ccuil of knockout cap. Knock' 
outs ate H inch, H and 1 inch in sise for the acconunodatkm of diStersni sises of pipes 
Thera are also concentric knockouts which make it possible to aceominodate sny one of 
several sues of conduit. Not more than the neccasary number of knockouta sbMild be 
uncovered. In case some that are not used are remov^, the holes must be closed. Thie 
can be done by maerting a knockout cap. 


Pto. 5,895.— 'Austin universal box cleat uaed chiefly for side well oonstmction; cap eho be 
used on ceiling work. By nailing it across the front of joists a flush podtlon for the bob N 
obtained. 


Ittstalling Ooflet Boxm.— To comply with the Cod$ a boa 
called an outlet box must be imtalled at each oudet. 
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Outlet twxes fra: loom wire are ^halkrar iron boxes about ^ 
inch deep and made in two diameters, 3^ inch and 4 inch. 

The base of the smaller box ordinarily has one knockout for a hich 
pipe at its center. This is to allow a gas pipe to peas into the same outlet, 
if necessary. There are also six knockouts for loom to pass into the outlet. 

The larger box is sxrrilar to the 3H inch size, but there are eight knock* 
outs for loom. No ktmekouts are m the side wall of either box. 



?iC8. 5,5i)9 to 5.602. — ^Applicatton of Austin straight bar hanger and view of stud and lock- 
nut . All four knockouts a e accessible in standard outlet braes; especially suited to loom 
box. all eight knockouts can be used. 


One knockout is removed for each wire, but no more should be removed , 
than are necessary. If more be removed than are used, the box wiU 
condemned by the inspector, unless the holes be plugged with metal. 

Some boxes are equipped with damps for fastening the loom, 
others are plaint and some other means of hdding the kxnn in 
I^ce is ne^ed. 

Each box has small holes in the base for histening fixture studs and for 
hutening the box to a hanger. Some cities require deep mitlet bc^ fat 
certain light outlets, such as for bracket lights. These boxes are 3 and 
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4 inches ia. size and about IJri inches deep. They are made in several 
ahapes» such as round* octagcmal and square. 

For light outlets, the round and octagonal boxes seem to be poferred. 
This is probably due to the fact that ^e covers or trims for the round 
box also fit the octagonal, while the square box requires a different cover. 



FVss. 5.603 and 5,604. — Aiutin *'Bccmoni 3 r** old work hanger. Appii^miloHt The iteter k 
Opened only large enough to permit the etiKl to peas through. The etud ii then slipped 
up the end of the bar at ahown and the aewmbly dipped through the hole. Whan the bos 
it in a horiiontal poeition, the wire leader it drawn through the etud. Thk didee thi bar 
into petition and oentera the etud on the her. The outlaw bos is fattened to ttie stud with 
' lodmut and aecured tisfatly in place. 








Fig. $.609 . — Method of inetatllng outlet box, 9. Place box in position ao that the h(4e« 
from which knockouts were removed reRister with the holes cut out of lath. Secure box to 
cleat with screws having previously attached the fixture stud as shown. 
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ptapeAy PSM tlvoui^ into the txn. Seeming outlet boxes to laths is not 
bSowed as this is not oonddered as a Buin>nrt> nnd in time wifi loosen vp 
the plaster. 
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The only places where a board Is not required is where an outlet hapiwne 
to be located on a beam, joist or stud, lights can be locsitM ini np- 
lig^t studs which are the best supports to be obtained. It is not filways 
possible to locate outlets on joists, and still have the outlet in the center, 
for this reason outlet boards should be installed. These should be very 
carefully installed so as not to mar the ceiling. 

Where the outlet is to be made to esdsting gas pipe outlets combinatioo 
boxes should be used. No board is required, and the box must be se* 
curely fastened to the gas pipe. 

Where the plaster is broken it should be repaired with plaster of Paris. 


6AS .CLAMP 



Fig. 5,614. — Outlet box installed at gas outlet. 



Fig. 5,615. — Austin straight bar hanger and stud . The stud is slotted allowing free movemeiit 
along the bar, yet may be easily tightened by the locknut in any sdected place, making k 
possible to set box at desired spot although conduit may bear a little off length. 

Th^ is a multiplicity of outlet box types designed to meet 
the varied requirements. 

Catting Out Switch Box Outlets. — ^This is a difficult opera- 
tion ami must be performed carefully. 

Afta: having first ascertained that it is possible to drop down 
the partiticm, 54 inches is meawred up tern the floor, the 


5 



Fig. 5,€20.^]^3cplorittg with flash light and ohrror . If there be only one pocket cut, |dace mirror 
and hold flash liaht as at A. In case there be a second pocket as at B, the flash Vifl^t maybe 
plaoad at $« supported on a brick or other object. 
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Figs. 5,^1 to 5(626.**— Method of cutting out wall case ouiiet as ceacribed in the acoonipnayliig 
text. 




Flos. 5,627 to 5(631.— Method of passing by cross stud in partition when plast»r must te 
cut, Locate cross stud as in fig. 5(627, 4^ ft. below ceiling. With a sharp knife cut wall 
paper along two diagonals AC, and BD. Thoroughly moisten paper with a sponge. 
hack the emfe 1.2 3.4. to the position ahowa in ci 5,620 and fasten with pins. Cut, <5att 
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piaster is poiiK^ared with a screw driver. If the screw driver 
go between the lath, another hole riustiid be puiKrtured, and 
so on until the plaster has been broken away and rinmrs a 
whbe larii; now take the wall case and centarthe 
lath with the center of the wall case, with a pen- 
cil, run over the outer edges of tl^ wall case. 

Now with a haxmner and screw driver^ carefcdly 
chisel out the plaster on the pencil lines. After the 
plaster has been removed* with a fine key hole saw, 



IONS EXTENSION 


■lONG PIPE 



Figs. 5,633 sxid 5,634. — ^Two methods of passing by cross stud in par- 
tition: 1 , by inaerting from above a long pipe and breaking stud by 
hammering; 2, by boring up from cellar with brace and Ut having 
a long extension. 


Fig. 5*632.— Exptoisg with flash light in tide wall ol home. 


Figs. 5*627 to 5,631.— r«xl confi'imsd. 

the phwter in the square thus opened and cut a channel in the cfoee stud as in flg. 6,630 
Fish in the cable as in fig. 5*631* replaiter snd fbld back wall pstaer* pasting it to cover the 
satiaie lust plasteied. 




Ftos* 6,637 to 5,640. — ^Method of po^ng hr ctom otud In partition when wirot m rm 1 
ti> a door. 
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cai«ftitty cut away the center whole lath, after this has been cut 
away, the other lath should be trimmed with a sharp jack knife so that the 
box fits snugly . The ears of the box should be adjusted so that the box hts 
just flush with the finished plaster. Now screw box to lath with lH inch 
No. 6 wood screws, any larger than these will crack the lath. 


Obstructions in Partitions. — In the older houses constructed 
when builders had some regard for strength, partitions were 
reinforced with cross studs so that it is impossible to get by 
them. 



Pto. a, 641 .**-£xploiiiig between inner mnd outer walls with mouse. At A, an obstruction ii 
•noouiitefed. Jhia must be cut or bored to permit wires to pass. It may be reached by 
« removing the base board, or may be bored from above with a multi-extens,’oii bit. 

When a crpss stud is encountered, the switch outlet may be located above 
the stud, the standard height being 54 inches above the floor. 

Before attempting to drop down a partition it should first be ascertained 
whether or not a cross stud or concrete, mineral wool, brick or rubbish 
filling, is in the partiticm. A hole is drilled in the top header of the parti* 
tlon and a string with a lead weight lowered, if the weight reach the floor 
(this can be ascertained by sound) the partition is clear. 
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Figs. 5^642 and 5,643. — Boring through partition shoe with *'door knob bit*' to at not to 
dwturfo bate board when wires are to be run from floor pocket into partition. Pig. 5,643, 

detail of door knob bit. 



Fig. 5.644. — Method of dropping down a part- 
ition that has headers, also showing method 
of bringing circuits dimn to meter. 
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Vnp^ptng Wir«s Down Outer Walb.— First a hole ^louM be 
bored in the header and the mouse lowered until it readies the 
cellar, or hits an obstruction. 


Usually obstructions are encountered as Hre stops are placed at each 
floor to prevent the enclosed space acting as a flue in case of Are. These 
stops usually consist of 2X4 strips or bride. To reach them the tose- 
board must be removed. This is easily pried ofl with a floor diiael^ some- 



Fios. S,649 and 5,650. — Open and closed snake hooks. Thm opmn hook is used in hooking 
one snake to another. The cloemd hook U used for fishing. 


timet it is neeesaary to set in the nails with a nail set. If walls be of bride, 
the entire distance frtHn attic to cellar may be fidied witii a sted fish 
or snake wire, as the laths are attached to a K strip which is nailed to the 
brick. 


fldda|. — ^This is a method of runnixui wires through walls, 
flofMTS and ducts by tlM aid of another wire called a siMifeeor^ 



2,932 


House Wiring 


wire attached to the conductors, threaded and drawn throui^ 
in advance. 

Snake or fish wires are made of the best steel and tempered in oil. All 
snakes should have a hook bent at each end, and to do this the wire must 
first be annealed. 

The ptopcx method of annealmg is to hold the end of the snake’in the 
fiame of a tordi until it becomes chmy red, then bend into shape, heat 
again to cherry red color and quickly insert the heated end in a pail of 
water; tins hanlens the wire, so that the hook will not pull apart. 



5,053.— -FSiliiiif Horn outlet to outlet. 



House Witbtg 


2,933 


% 


Snaln mar be obtained ja vBifous duqiM but tile type bwt adb^tod 

for bouae mik is K iodi wide, 'fn indi tiiidc. 

The pnper way to attadi tiie wires to be pulled into llie snake is to 
Just loaip tfam throuib Out book of the sudie and fiild them oeer with 
pHeie. 

If wires are to be palled throufb a long run. they should be taped. 



PkG. 5,664.-— Msfliod of 6iliiag In wine* without removing floon or bMe boufd. The flulk or 
nalm wfae it pmhed up from cellar and hooked ae ehown. TUa method ia onlf poeatbla 
^ etek these ere no faeadert. 

Pic. 5,655,— Method of deUng in whee through beadere. 

In filling in a house cai^tructed with fuiring stripe between 
the jdsts and ceilings there will be plenty of room to draw 
thrrash the loom or cable. 

FUrriog strips in old houses having sinrie floors will be found to run 
poialld with the floor boeids. 

After having cut the outlet as just described, a steel wire or snake is 
inserted into ^hcde so that it may be pushed into the qiaoe made i^ tfae 
foiring strip, having inserted the end of the enaln, it ie guitly puibed as 
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far u ^eaired; if the snake encounter an obstruction, it may be caugfht 
against a piece of plaster or become twisted. 

With k little practice a snake may be fished over 50 ft. with ease, havii^ 
reached the outlet, another snake or piece of wire is pushed op into the 
hole at the outlet and the snake is hooked, and ttoi gently drawn tinoogh 
the outlet; the wires are then attadied and pulled through. If a man be 
at each end considerable labor will be saved. 
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Sometimes a whole house may be fitiied stitiwut tititiog up say floors, 
hut it any be necessary to take off base boanb and flooring to dt^ down 
to the meter board or switch outlets. 

Somrihnes it is necessary to use two on tong runs and hook them 
underneath the ceiling. 

In this case the ends of the nakes should be connected to a bdl and 
battery so the bell will ring when the ends touch each other. 

Snitelies for Ughtiiifl bistidlatioii. — ^Plug fuse switdies are 
only approved fta* use on voltages up to 125 volts and to 
sta^ a load of 30 amperes. 
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)Bxwa rise knockouts be bbbrined. The conduit Is secured to tte bat 
by two lock nuts and a bushing. 

Wires leaving the cut out box should pass through porcelain insulatovi 
or buriiings. 

The box should be secured to the board by means of wood screws. 

The switch or cut out should be secured in the box by means of holes 
drilled or punched through the box, wood screws paying through the cut 
out box and screwed into the wood meter board will securely hold any 
cut out or switch. 



Pto, 5,661 and wrong way of inatalUng knifa awitcfaea. Thay abau t d stwsya ha 

inatalted to that gravity tends to ofien thsBii otberwiaa wbaa the hingaa becc wa wofii. the 
twitch might dote. 

Inirtalfaitimi of Knife Switches. — When installed in a ver- 
tical position, the switch should be so jdaced that gravity will 
tend to open it. 

Where a three wire awitch it uaed. the middle or neutral fiiae dip anat 
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be made wUd ao tiiat no fiiae may be inatalted in tiie center (tide ia 
fpr Ugbting instaQationa on a aingte phaae or a dx. ayatem). 

iMtoHhig Hush Switches and Rec^tades in WaO Cases. — 

Care should be taken that the switdi fits fiush with the edge 
of the idaster. In order for the switch to fit flush, the case 
dbould fit Audi, otherwise it will be necessary to insert ««miW 
wadiers under the switdi ears. 



Fio. 6.662.-^Tivo family bouw meter board arrangement an need thmgfaoat Connecticut; 
note method of eervke pipe and meter loop arrangement. 

Switch f^tes will not fit properly unless the switch be Bvah; if the switch 
be not flush, the plate will buckle and bend in the center. 

Perfect fittixig switch plates give an artistic and workmanlike appear* 
anoe to any installation. 


Meter BiNuds.— A meter board diould be coiwtructed 
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9evm-«ig|itfas inch doit wood (pone) of diffident axe to ahooria- 
mockte the meter and cut-out brass. 

Secure the board against the foundation wall of the building. Feiiit 
board two coats of l^ck -asphaltum or other insulating paint. . Do not 
nail boards to foundation wall unless there be an air space back of it. 
* The use of 2X4 studs makes a secure board. For one single meter, a 
board 24x18 is amply large with room to spate for future additions. lEte 
main switch is mounted on the left side of the board. All modem meters 
feed theleft for mains, and feed out to the right for house cut outs. Do 
not place a meter board any higher than 7 It., or lower than ft. 

Reidaeiiig Floors and Trim. — In replacing ficxxe, small fin- 
idling nails should be used; these are incons^ncuous and will 
not split the wood while being driven. 



Fig. S,S63. — Appcatmoe of a vamiabed baae board after iiaila are driven out, Tba proper 
way » to leave naila in tbe board, cutting them off ckwa with cutting plte. 


When replacing base boards and other finished trim that has been pried 
do not attempt to drive back the nails, but cut them with cutt^ 
jdiers, as driving the nails back will knock off large chips from the trim. 

After the nails have been cut off, the head of the nail should be set in 
with a nail set and a new nail driven in the same hole. 

Hard wood doors and trim should be gone over with door wax to remove 
aH scratches and mars. 

Drop Cwds. — Where the wires miter a socket, rosette, or an 
outlet box, they should be relieved of any strain by makfag 
an Underwriter’s knot so that the wei£^t of the socket, dmde 
and lamp will not be cm the jdnt. 
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Sqpuure or gFanny knots kre not apfxxived, sockets may be 
obtained with strain relkt devices attached. 

l^roip Cbitf«‘--With a diail) knife cut aiou^ 



P2<mi« '5t666l md 5i,6ltov*>CSoiie dirt CAttber lor hit ond applicttioii in botiiig oatlelA* 
If omitto <»f n ttcdtnbte tiie cone, mnde ol ttiff cardboard and pioridad with a gnkla A» 
to hold It central with the bit . Attached to the lower end it a doth tube wtdch ia 

with a ctrlnn to the ehanh^ Pig> 5.666 ehowe the cone in me. 
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)u8t deep enough to cut the braid and re-odforoed ndshier oo?ering. Ttai 
cut a aiit parallel with the cord just deep enoufi^ to cut onty tiie outer 
br^. Remove outer braid and with eadk hand, pull on each wire and re» 
enfor^ rubber braid will fall away. About 2in8.ksufilcieiit foreodcela, 
and rosettes; 6 ins. to be allowed where the cord is to be spliced to other 
wires such as in outlet boxes, etc. 

CTses of Drop Cord.— For inside of residettces, re-enforced cotton cord 
can be Used with a light outer braid. For factories, the heavy type dioald 
^ used. For cellars* the slicked or weather proof type Aould be tued. 
For bakeries or places where wires are subject^ to a great beat or where 
the cord is attached to heating appliances, regular aebestos heating cord 
must be used. 

For auto garages, extra heavy marine deck cable should be used, or the 
same encash in a specially wound metallic sheath. 

For show windows B. X. drop cord must be used. 

Clusters of more than one light must not be attached to drop cords. 

Drop cords may be extended frcmi their outlets to another portion by 
means of ceiling tottons. 

Fixture Wiring. — Chain fixtures must be wired with flexible 
cord preferably single conductcnrs so that each one may be 
laced through each link of the fixture chain. Chain fixtures 
are suitable for show windows. 

One-eighth inch trade size sockets should be used so that 
loops may be screwed into the socket caps. 

Chain fixtures that are attached to concealed knob and tube wiring or 
wooden moulding may be attached with fixture crow feet or tripods. 

If the ceiling be of metal or plasty containing metal lath, a fibre or 
rubber canopy insulator must be used. Brack^ or side Stores 
mtist be wired with No. 18 fixture (solid) wire or larger. The ends of all 
pipes and bodies being reamed so that the burrs will not cut into tlm in- 
sulation. Pendants or fixtures that are constructed of tubing must be wir^ 
with solid fixture wire. 

Combination fixtures that are attached to gas lapes must be equipped 
with insulating joints so that the fixture will be perf<^y insulated and free 
fixim grounds, likewise must all fixtures that are attached to metal outlet 
boxes o f B . X . and conduit wiring or knob and tube wiring where tho fixture 
is to be secured to a gas pipe. 
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SOURCE 



CONTROL OF LAMPS FROM 2 LOCATIONS 



ARRANGEMENT WHEREBY A SWITCH WIU OPERATE 
ITS OWN UGHT FOR CERTAIN POSITIONS OF THE 


TWO OTHER SWITCHES. 


SOURCE 


PlaTA.'^Xii th« lamp amttol dlafframs mpreaented above, fig. A iHustrateethe connection wfaaa 
one anap twitch it used. 

lFm B ibowt how two lights (or two group of lights) can be controlled individualhr ftom a set 
of two single pole switches. * 

Fws, C to F illustrate a series of special types of lamp contrri used in. for eaatniile, test thf 
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Plate. — A convenient and often used method for control of a lamp or a group of lampfi ffOtn 
two points by means of 3-way switches is shown In the diagrams. The umtM may be ogtiflh 
guished or lighted from either switch regiudlesa of the position of the othef^ wh^Jxitli 
switches are in the positions shown in hg. A, the lamps are eEtinguished» and can he mum* 
mated by the operation of switch No. 1 or 2. If as shown in diagram* No,2switch Isoperated 
the lamps will be illumtneted« and can now be extinguished from either awiteh, A typM 
teouence of operation is shown diigramatically In figs. A to E, 
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POSITION OF SWITCH *1 CHANGED BACK TO ORIGINAL POSITION 
(Current off! 
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ELECTROLIER SWITCH 




3rd POSITION OF SWITCH 


SOURCE 


SOURCE 



^SOURCE 


4th POSITION OF SWITCH 

Flats.— L arge fixtures or electroliers are often wired so that lights can be controlled In two 
more independent groups. As shown in the diagram * he two groups of lamps are extinguisb 
in the first poiition of the switch. When operating the switch to second portion. groemHo. 
will be illuniinated. In the third position the maximum amount of hrightness is obtained 
bc^ ffiK’ups of lamps are illuminated, and finally in the fourth poiition. group No. T only 
is lit. This switch may not be considered as standard, it is only one of seveiaiarnuigiementa. 
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3<cuictut electrolier switch from which three groups of lamps are oontrohed Is showr 
ahove. The sequence of operaikm is desactM diagramaticmly and is pcmcipiAly the sanis 
shown in the mvious Rnrircuit switch. In theith position maximum iUuniinatioii is oh* 
tained* with au lamps lighted. The switch shown is typical only among a great 'i^Miety of 
twitchea manufactured for electrolier or dome lamp control. The current carrying capacity 
of the switch as well as potential of the source to be connected should be consktersd for earn 
Indivklual application. 




CONTROL OF LAMPS FROM MORE THAN ONE 
LOCATION BY MEANS OF 3 AND 4-WAY 
SWITCHES 


/0\3*VI«AY 


. A WAY 
SWITCH 


m 



3WAY 

SWITCH 


LAMPS 


USE OF Two 3- WAY AND ONE 4 WAY SWITCH 
FOR CONTROL OF LAMPS FROM 3 LOCATIONS 


jsOURCI 



kSOURCC 


FOR CONTROL OF LAMPS FROM 4 LOCATIONS 



SOUM 


OF LAMPS FROM 4 LOCATIONS 



vsouRce 


FOR CONTROL OF LAMPS FROM 5 LOCATIONS 


^TB.^The of connection diagnme shown in Agt. A to D, illustrate the c^vemioiiat 
methods of lamp control when uKng 3- and A-way swktcliet. With reference to t« ia 
obvim that for any addHioRal point ol control desired a 4-way awitdi CdnnMmTtlii 
m the middle ewitch must be used. See figs. B to D. 
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CONTROL OF LAMPS USING A MASTER SWITCH 



SPECIAL SWITCH AND MASTER SWITCH 
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(M) SWITCH A 

2nd [ 



inruS' 



4 - 

^DOUBLE POLE 
MASTER SWITCH 


At flhown in cucuit diagnm the ewitdiee used hi thie type of Ught conteot *^**f^t!r*‘ of 
two double pole ewitchee. inter-oomiected on the first ukd last fioor» and one 3-way swltcii 
for each flocar. The sequence of mieratkm ie as follows: Closing switch on the first floor IMfs 
tamp on first and second floor. Turning the switch on the second floor eactingidBhes G>e Ughl 
on the first floor and lights the lamp on the third floor, etc. This operation is oontlmiBd until 
^ top floor it reached, in other words the switch on each floor ihoi^ be turned in psming. 
It can be readily seen that this light control arrangement lends itself to oparatiQn of lamps 
inuspoctive of number of floors encountered. 



House Wiring 


2.949 


TEST QUESTIONS 


1. What is a service connection? 

2. Name several methods of making service connections. 

3. What is the requirements for installation of a distri- 

bution box? 

4. What are the essential requirements of tube service? 

5. What fittings are used on the service entrance? 

6. Describe in detail the method of installing a conduit 

service. 

7. How is the end of a conduit secured to the switch box? 

8. Describe an underground service entrance. 

9. How is a feeder layout for a large building made? 

10. How many feeders should be provided in a large 

building? 

11. What provision should be made for motors? 

12. How should feeders be located? 

13. Describe the method of cutting outlets. 

14. How should a ceiling outlet be located? 

15. Where should hole for wires be bored in Joists? 

16. Describe an outlet box. 

17. What are knockouts in outlet box£s used for? 

18. How are outlet boxes attached? 

19. What is a fixture stud? 

20. How should the wires be brought into an outlet box? 



2,950 i Hou 90 Wiring 

21. Give methods of installing outlet boxes in w\finished 

frame buildings. 

22. Give method of cutting out switch box outlets. 

23. Give method of passing by cross stud in partition u^wi 

wires are run next to a door. 

24. Give various methods of overcoming obstructions in 

partitions. 

25. Describe the operation of dropping wires down outer 

walls. 

26. What kind of obstructions are encountered along the 

outer walls? 

27. Define the term "fishing". 

28. Give method of fishing from outlet to outlet. 

29. What is the function of a meter board? 

30. Draw a wiring diagram showing how one or several 

lamps may be controlled from one location. 

31. What method of wiring is used for control of two 

individual lights or a group of lights from two 
single pole switches. 

32. What is the universal method used in the control of a 

light or group of lights from two locations? 

33. Draw a wiring diagram showing how a lamp may be 

controlled from four loccUions with each control 
switch independent of the cdher three. 
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CHAPTER 96 

Wiring Requirements 
for the Home 


Fundamental Wiring Reqnirementa. — In the derign of the 
dectrical system, there are two basic fectors to be taken into 
consideration. One factor is that of sa/riy— compliance with 
the local governing rules and with the regulations of the 
National Electrical Code. The other factor is /wnc/w«— the 
designing of a system that will permit the occupants full and 
con>^ent use of the electrical equipment they now have and 
may procure in the future. 

The National Electrical Code is prepared by the Electrical 
Committee of the National Fire Protection As^ation, which 
oxnmittee is rq)resentative of all the {nindpal interests con- 
cerned with the safety of wiring. TMs Cpde is a standard 
adopted by the National Board of Fire Underwriters and has 
the approval of the American Standards Association. Together 
wilh local ordinances, frequoitly based upon the Code, and 
rules and regulations of lo^ utility companies, the National 
Electrical Code provides a standard governing the installation, 
and to a certain extent, the use of electrical equipment. 

From the National Electrical Code, under tlte heading of 
"Purpose and Scope” the Mowing paragraidi has been 
attracted: 
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Hie provisions of this Code constitute a minimum standard. CompU* 
ance therewith and proper maintenance will result in an installation reason- 
ably free from hazard, but not necessarily efficient or convenient. This 
Code is to be regarded neither as a design specification nor an instruction 
manual for untrained persons. Good service and satisfactory results will 
often require larger sizes of wire, more branch circuits and better types of 
equipment than the minimum wUch is here specified.” 

From the foregoing extract of the Code, it is apparent that it 
does not necessarily follow that an electrical system meeting 
the requirements for safety also has the ability to serve ef- 
fectively and efficiently. An effective and efficient electrical 
system depends upon: 

1. Sufficient circuits of sufficiently large wire to carry the 

various loads without uneconomical voltage drop; 

2. Sufficient outlets to allow for convenient use of elec- 

trical equipment; 

3. Well placed “control centers” equipped with modem 

circuit protection; 

4. High quality materials and workmanship. 

When planning an electrical system there are certain funda- 
mental and natural approaches to be followed. The size of the 
house, that is, its price class has a very definite influence on the 
extent of the electrical installation. 

Planning of Equipment. — In estimating the electrical re- 
quirements, it is necessary first to determine the equipment 
needed (lighting and appliances) both for present and future 
use. The ability of the owner to meet the initial cost and 
expense of operating the numerous labor saving device is 
another factor to consider. 
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AppHaaces. — ^Tliese are usually divided into two dasses, 
nan^y: 

1. Fixed ai^liances; 

2. Portable appliances. 

The number of labor saving appliances to be installed de- 
pends upon the size and type of house to be equipped. 

Typic^ fixed appliances are such units as: Water heaters, 
washers, ironers, dothes dryers, ranges, refrigerators, dish- 
washers, garbage eliminators, etc. 

If heating and air conditioning units be installed, provision 
must be made in the wiring plan for such units as: blowers, 
heating and cooling units, furnace motors, etc. 

Typical portable appliances are: Electric clocks, coffee 
makers, curling irons, fans, hand irons, heating blankets, 
mixers, radio, roasters, sewing machines, shavers, sun lamps, 
toasters, vacuum cleaners, etc. 

Lighting 

There are three fundamental rules which must be followed 
at all times if the lighting of the home is to be truly good. 

These rules apply whether the house is English, Q>lonial or 
Traditional. TTiey also apply whether the equipment is built 
in <x portable. 

1. There must be suffident light for ail tasks to be per- 

formed in comfort without undue eye fatigue; 

2. Light must be properly directed to avoid objectionable 

shadows and controlled to avoid harmful glare; 

3. The equipment must be adopted for its purpose and 

aiqjTopriate.in its surrounding. 

Of these three fundamental rules the second is probably most 
gener^y disregarded, althoi^ it is extremely impcrtant, 
affecting as it does the eyes, nerves and genera health. 
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Glare may be caused by a lis^t source in tlm direct liiie of 
vision, by reflections from glossy paper or polished fitmitme 
tops, furniture glass tops, or by a dedded contrast between the 
light source and its background. 

All these ccmditions are frequently found in the home be- 
cause of tlie low ceilings and the use of exposed lamps in wall 
brackets and ceiling fixtures, lamp shades which are too trans- 
parent and dark wall papers and draperies. 

Light must in addition add charm, color and decorative 
beauty to a room. At the present cost of artificial illumination 
(cost per kilowatt hour) there is no excuse for following the old 
pattern of lighting based on habit, minimum cost and in the 
end result of poor and insufficient light. 

Lighting Fixtures . — A good residence lighting fixture com- 
bines beauty with utility. Smc& there are many commerdally 
available fixtures which provide this, there is ample room for 
individuality and personal expression. 

In choosing a fixture it is essential to consider not only its 
own individual decorative value and its suitability to the room 
in which it is to be used, but also the illumination it provides, 
its freedom from glare and the ease with which it can be main- 
tained and cleaned. 

The maintenance factor plays a rather important rde, par- 
ticularly where fluorescent fixtures are employed, because here 
there are three components involved, namdy: Tke bailast, 
starter (glow switch) and lamp. 

Lighting in the home should conform, to the principles of good 
ifiunnnation because one is associated with it so intimately, but 
the stjie should be chosen to suit the owner’s tastes and mrchi- 
tecture of the home. 
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rho^^ore, in idanning home lighting, provide outlets for 
teiUng fixtures, brackets,’ portaUe lamps and lighting from 

coves, valances, bookcases, etc., for only by a combination of 
two ot more of these types of lighting can there be suffident 
ftsxilnlity to meet varying eye tasks and sdbemes of decoration 
in the home. 

Ughting of the Entrance.— The lifted entrance not only 
should make the path, steps, house number and bdl clearly 
visible, but also ^uld create a hospitable atmosphere,"and 
give a distinguish^! air to the home. The architecture of the 
entrance door detamines vdiether weatherproof lanterns, 
singly or in pairs, or built-in lighting can be us^. As a factor 
of safety, light on the st^ is most important. 

Poorly chosen entrance Ug^ts that are glaring sometimes 
make reading the house niunber impossible, and very often 
house munbers are thoughtlessly placed many feet from the 
entrance lights. Most easily seen are the illuminated house 
numboa. 

When the house is located at more than average distance 
from the ddewalk, the illuminated house number may be gdaced 
at the driveway entrance. Another method of lifting the 
focmt of the house is by means of small floodlights concealed in 
the shrubbery. 

The entrance fixtures dmuld be controlled from just inside 
the hall door, the switches being placed on the lock side of the 
door, not the hinge side. Weather-proof convenience outlets 
should be iflaced outside the house for use of deoxative sea- 
smial lighting and electrical garden equipment. 

Vestibule betwera the hall and entrance are usually small 
and can be lighted by a ceiling fixture controlled by a switdr 
located adjacent to tte entrance switch. 
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Lighting the iJallt.— The hall is no longer a passageway from door to 
living room* but another room. In tl^ room guesta obtain the first g^pae 
of the home . Whether they are greeted by gloom or cheer depends on the 
lighting. In the average hall a suspended lantern, dose fitting fixture, or 
shaded candle type fixture is appropriate. A lamp on a console table, 
torchieres, or luminous panels around a mirror may be effectively used. 

Light firom the hall fixture downstairs should be supplmnented by light 
from an upstairs fixture. This combination supplies light fra* safety on the 
stairs. Both hall fixtures should be controlled by separate sv/itches upstairs 
and down, so that they may be tinned on or off from either floor. It is 
important that convenient outlets be installed in the halls to permit the use 
of lamps and electrical appliances. 

Lighting the Living Room . — From the standpoint of lighting, the liv- 
ing room is the moat important room'in a home . Because of the wide range 
of living requirements in this room the lighting must be adequate for severe 
seeing tasks, such as reading or sewing. All lamp bulbs should be shaded 
to avoid glare and there shodd be light in enough places to avoid deep con- 
trast. Generally, there are three types of lighting units used in the living 
room — ceiling fixtures, wall brackets, and floor and table lamps. All three 
of these typt^ can be pleasingly empbyed in a single room. 

The ceiling fixture is not a thing of the past. Fixtures, to-day are not 
only decorative in themselves, but produce soft , general illumination . The 
choice between a pendant or close-fitting ceiling fixture depends upon the 
ceiling height. For the modem room of low ceiling, the fixture may be 
built-in or mounted close to the ceiling. The duty of a ceiling fixture, 
regardless of style or type, is essentially to provide general illuminatbn may 
be supplied by indirect or semi-indirect portable lamps. 

Wall brackets should be considered for their decorative value only and 
not as a source of lighting when reading, sewing, or writing. Although the 
newer totaily-indirect wall urns add greatly to the general lighting in a room , 
they ^uld be supplemented by other light for reading. The most im- 
portant thing to remember about these lighting fixtures is that the lamp 
bulbs must be shaded. It is always wise to plan the location of wall 
brackets in order that they will not interfere with the hanging of pictures or 
tapestries. 

No living room ceiling fixture or wall bracket is designed to provide 
adequate local light for reading or other visual work at the various chairs 
or the davenport. At all points where severe visual work must be done, 
floor and table lamps or other lamps which have been carefully deigned to 
provide comfortable seeing conditions in the home should be used. In this 
way enough general lighting is provided to eliminate excessive contrast be- 
tween the area near the lamp and the rest of the room. Greater fiexibiUty 
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mvy be pbtained by using the three-lite laiiq> indde the trandueent bowl. 
Tbiwt lan^M oontsdn two hhunents which loay be operated together or 
a^wratety. lUumiiutkm lai^linglrombw, pleasant l^t for ocmvc^^ 
to light adequate for sewing or reading is thus made available m a siniB^ 
unit by a sio^e turn of the switch. 

Built-in lighting has only been mentioned, for the subject is too large 
to be treated in detail. This type of lUd^ting must be carefully planned 
during the blueprint stage as it usually takes the form of recessed fixtures 
in the ceUing, coves around or in certain portions of the room; glass pands 
or g^les in walls, ardiways, beams or columns. Lifijiting bi^t into the 
architectural features of a room adds grace and distinction to the decorative 
theme as well as to the lighting. Tr^hsof lijht may be installed to form 
a window ledge, or they may be placed behind large mirrors, window 
valances and in bookcases. 

For the effective use of lamps as well as electrical appliances, there must 
be S sufiScient number'of convenience outlets. Every wall space'large 
enough for a t»ece of furniture should contain a duplex conemimee auM, 
Minimum requirements demand that a duplex outlet he placed every twelve feet 
on long wall spaces. At least one outlet flush in the top of the mantel dxnikl 
be provided for an electric dock or decorative lighting um . Ceiling fmtures 
and wall brackets should be controlled by a switch at the main entrance of 
the'living room. If there is another entrance or exit, an additional switdh 
should also control the ceiling light at this other doorway. In this way the 
lights may be turned on or off at either doorway. If a ceiling fixture is 
omitted, the wall brackets or convenience outlets should be sixnilarly CM- 
trolled from wall switches. 

Lighting the Dinir^ Room * — Pleasing lighting will add not only to 
the decoration of the dining room, but also to the enjoyment of the meal. 
R^iardless of the diversity of activities in this room, it is essential that che 
room be bright, cheery, void free from glaring, exposed lamp bulbs. 

There are several methods of lighting the dining room oomctly. The 
most popular is the pendant fixture 8uq>ended over the table. If this is 
used, all lamp bulbs should be shaded to direct the light downward and to 
avoid harsh light striking the faces of those seated at the cifole. Wall 
brackets too are a pleasant background and are desirable if properly snaded . 

There is a trend coward lower ceiling neigfats, and che sombining of 
living room and dining areas necessitates dote fitting ceiling fixtures for 
better proportion and balance. If the dining room table is also used as a 
study or work table, it wesscntid chat an amirie quantity of gtorelessliil^t 
be provided. Ceiling fixtures or wall bracMts should be oontroged by 
switdies at the main entrance of the dii^ room* and also at che idtdicn 
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door. The (fining room Is also adaptable to ootoed lii^iting. Amber, 
naxOTfight, or otto desired color effects may be obtaito by eepeckdly 
designed fixtures or bailt*in fixtmres. 

White or colored lumiline. tubular or fiorescei^ lamps, installed in plaster* 
metal or glass coves around the room or at opposite ends of the room, make 
possible many intmsting ^ects. 

Convenience outlets are necessary for the use of electrical apfdiances on 
the table or at the buffet. The best location depends on the placement of 
the table. 

Lighting the Kitchen . — ^The kitchen is the workshop of the home, so 
it is vitally important that this room be made as cheery a^ comforUd^le as 
posdbte. Thm are two requisites for a well-lighted kitchen. The first is 
a central ceiling fixture — ^usually a single diffusing enclosed unit. Some 
modem kitchens have totally i^irect fixtures. Light colored walls and 
ceilings as^ in directing much of the light downward and nmdmizing 
shadows. 


The kitchen should have plenty of lis^t everywhere. It should be so 
arranged that a worker, regardless of whether work is being done at the 
sink, range or work-table, is never working in his or her own shadow. This 
is unavoidable when a sinj^e ceilto fixture is used, since the locatkm of 
the various work-centers in the kitchen frequently makes it necessary to 
stand with one's back to the light source. 

Therefore, the second requkite for a well lighted kitchen is local Uniting 
over the range, sink, and other work centers. The simplest remedy is a 
pendant fixture or bracket over the sink and the range . A glass shade must 
be used to protect the eyes from glare and to direct the fight downward. 
In the more modem kitchens, Meu^ lamp bulbs are recessed over the sink 
and covered by diffudng panels of glass. Lumifine or fk>ureacent lamps are 
ideally suited for installing over the range, sink or under the kitchen 
cabinets to illuminate the work table. 

In the pantry or butler's pantry a small, close-fitting ceiling fixture will 
amply fight the shelves and cupboards, while for the hreakfto alcove, a 
pendtot-shaded fixture or an indirect unit is very satisfactory. 

It it important to have plenty of convenient outlets in the kitchen. Cer- 
tain applimioessuch as the toaster, percolator, nuxer and roaster are used 
at table hei^t and outlets should be 42 mchet above the fioor. docks 
and ventilating fans are usually mounted high, so that these outlets may 
be six to eight feet frcnn the fioor. Larger apidiances such as the disbwadaer 
and refrigerator usually are best served from sgecM locatioi». The range, 
of ootnee, needs not cxdy a ^3edal location but also special wking. 
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lighting the Bedroam.— The bedroom m many homes is used as a 
study and reading room or a room in which to sew, in addition to a place 
in which to sleep. It is unfortunate that oeilii^ fixtures are bdng omitted 
in so many bedrooms, because they provide a high level of illumination not 
usually provided by boudoir lan^. A ceiling fixture or wall brackets 
^uld be controlled from a wall switdi just inside the bedroom door. 
too oftoi, furniture arrang^ents are limited if the bedroom is lighted only 
by wall brackets and, therefore, a ceiling fixture for general illumination is 
more desirable. A semi-indirect or totally indirect fbcture is recommended 
brause it produces very pleasant, soft illumination. If a candle type 
fixture is all lamp bul^ must be shaded. 

There are three places in the bedroom where local or special lighting is 
needed — ^the vamty dresser, the bed, and the boudoir chair or chaise longue. 
Boudoir lamps on the vanity should be tall with light colored shades to per- 
mit adequate light on both sides of the face. For reading in bed a lamp 
on the table or floor can be used; but it must cast a wide circle of light 
over the book or magazine with no glaring light striking the eyes. 

Most bed lamps are hopelessly inadequate as they are only bits of dec- 
oration and usually glaring. A lamp with a white diffusing bowl under 
the shade gives the most comfortable light. A floor lamp providing a wkle 
spread of glareless diffused downward light alongside the boudoir chair or 
chaise longue provides adequate, soft light for mending, knitting or reading, 
while a small lamp placed under the bed in the baseboard will flood the 
floor with light, making it easy to move about without disturbing other 
occupants of the room. Convenient outlets for these lamps should be 
provided in each wall. 

Every closet over two feet in depth should be lighted. Usually this light 
is installed inside on. the wall or in the ceiling just above the door so tbat 
light is thrown back on the clothes and shelves. The wattage of the liunp 
depends upon the size of the closet, but these lamps are used for such a 
^rt period of time that the current is n^igible, even with high wattage 
lamps. 


Lighting the Bathroom . — ^The mirror in the bathroom is the most im- 
portant one in the house . Gone is the old idea that a single lifi^ting fixture 
is sufficient. The best illumination is supplied by two brackets about five 
feet, six inches fiom the floor. Two units help to erase shadows and give 
the same amount of light on both »des of the face. All bulbs be 
shaded with diffusing glass. The ideal lighting of bathroom ixunrors is 
accomplished by fram^ the mirror on top aihd two udes with built-in 
panels, and lifting from lamps concealed behind the frosted glass. 
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Unless the bathroom ta exceedingly small (less than GO square feet) ft 
should have a ceiling fixture. UsuMly an endodng globe controlled tom 
a wall switdi just inside the door will be satisfactory. If a central lighting 
unit has been omitted , the mirror light should be similarly switdied . Often- 
times the shower or tub needs its own light. These lights are usually 
mounted flush with the ceiling and are waterproof units. An added light 
of great convenience is a night light installed in the baseboard. A con- 
venient outlet placed at the right of the mirror is necessary for an electric 
razor, curling iron, or stm lamp. 

Lighting the A ttic , — ^The attic space needs a ceiling Hght . This might 
be an RLM standard dome reflector controlled tom a switch at the foot of 
the stairs, and also at the head of the attic stairs. At le^t one convenience 
outlet should be provided. 

Lighting the Bttgement . — The basement, like the attic, is often 
neglected. The basement might be divided into stairway, laundry, work- 
shop, fiimace room and recreation room. Each room needs its own planned 
lighting. 

Lighting the Stairway , — ^More acddents occur on dark basement stai^ 
than on any other place in the home. A glareless light, usually at the foot 
of the stairs, and controlled by three-way switches tom the head of the 
stairs and tom the basement should be installed. A pilot light in the 
switch at the head of the stairs may be used to show when this light is left 
burning. 

Lighting the Laundry , — ^The laundry room needs one or more ceiling 
lights, depending on the size of the laundry. White diffusing globe lu- 
minaries, or silvered bowl lamps are usually satisfactory. In addition to ' 
the ceiling units, local light is imperative in the laundry at the wash tubs, 
ironing boards or toner. Convenient outlets should be provided for the 
use of electrical washers and toners. 

Lighting the Workehop , — ^The work-bench should be properly Ulumi* 
nated with enough light well placed to avoid shadows. RLM reflectors 
or Glassteel diffusers installed over the work bench direct light downward 
for dose mechanical work. A duplex outlet is needed fortheuseof dectrical 
tools. 

Lighting the Furnace Room , — RLM reflectors mounted at the ceding 
should be installed at the furnace and coal bins. These units concentrate 
the light downward and supply good light for easy adjusting of heat oontrok 
and reading meters. 

Lighting the Recreation Room , — ^Many home owners to-day are 
devoting a portion of the basement to a recreation room. In moat cases 
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bw oellin|| heights necessitate dose fitting or recessed lii^ts. In addition 
to general illumination hnom fixtures, portable lamps provide seeing light 
for readily or card play^. Very often a small bar is installed, havltig 
special more decorative lighting. StijSicient convenience outiets lamps, 
radio, electric trains, and other toys, as well as appliances diould be 
provided. 

Lighting the Garage ^ — ^Light is absolutely necessary at the rear door 
and garage, both from a convenient and safety standpoint. The rear door 
light can be a simple bracket or porch ceiling light. The exterior garage 
light may be a RLM dome reflector or a more decorative waterproof lan- 
tern. It should be controlled by a switch inside the entrance of the garage, 
and by another switch inside the most convenient door to the hotase. 

The interior of the garage can be efficiently and satisfactorily Hghted by 
RLM dome reflectors. ' should be mounted over the engine hood of 
the car and the other over the work bench. G>nvenient outlets should be 
provided in the garage for use of lamps on extension cords and eleOrical 
tools. 

Circuits and Control Methods 

Mast«r Switch Control. — In determining the number of out- 
lets required in each room a feature worthy of consideration 
is to have a master switch to control certain outlets hrom the 
owner’s bedroom. This master switch makes it posdble to 
turn on lights located at various points inside or outside the 
house, independently of local switch controls. That is, when 
the master switch is in the off position, the drcuits undo* its 
control may be controlled by the local switches. 

On the other hand, when the master switch is in the an pontion, the 
outlets under its control will ah be on regardless of whether the local switcto 
be on or Figs. 5,225-2 and 5,225-3 shows wiring connections for one 
and two txanch drcuits, respectively. Where more than two branch dr- 
cuits are to be controlled, single-pole magnetic switches are reomniiiended 
in each drcuit, actuated by a single-pole master switdi. Otlun^ wiring 
schemes are shown following page 3318. 

meetrical Circuits Required.— After the number and type oi 
outlets have been detmnined and fixed on the plan, it remains 
to arrive at the number and type of branch dmiits required to 
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serve these outlets. There are several types of drcuits re- 
quired in the distribution of electrical energy throughout the 
home. They may be divided into three groups, as fo^ws: 



SOURCE 

Fjo. 5,22&2*^Tyiiical wiring diagnun showing master control for one circuit. 



sennet 

tm. wiring dingr i showing i 


ntnl lor two drcuilti. 
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1. General purpose (15 amp.) circuits; 

2. Appliance (20 amp.) circuits; 

3. Individual equipment circuits. 

General Purpose (IS Amp.) Circuits. — ^l^iese are used to serve fixed 
lighting outlets and convenient outlets in areas other than those served by 
the ‘'Appliance Circuits** described in the following paragraph. 

No fixed appliances with a total rating of more than six amperes (690 
watts. 115 volts), nor single portable appliance with an individual rating 
of more than 10 amperes (1.150 watts. 115 volts) should he planned for use 
on this type of circuit, because other loads may connected to the circuit 
at the same time. This type of circuit operates on 115 volts, having a 
circuit conductor of No. 14 minimum (for runs not exceeding 30 feet) pro- 
tected by a 15 ampere circuit breaker. No. 12 wire is recommended as 
minimum. 

Appliance (20 Amp,) Circuits . — These serve all receptacle outlets 
(other than outlets for clocks and outlets served by individual equipment 
circuits) in kitchen, laundry, pantry, dining room, breakfast room, utility 
room and garage. Appliances only (no lighting) are to be connected to 
this type circuit. 

No single appliance with a rating of more than 15 amperes (1,725 watts, 
115 volts) should be planned for use on this type of circuit, because other 
loads may be connected to the circuit at the same time . This type of circuit 
operates on 115 volts, having circuit conductors of No. 12 minimum (for 
runs not exceeding 45 feet) protected by a 20-ampere circuit breaker. 

Individual Equipment Circuits . — These are for use in serving single 
appliances or single equipment units. These circuits are two or three wire, 
and operate on nominal 115/230 or nominal 120/208 volts. 

Single Branch Circuit Conductors. — ^Although No. 14 con- 
ductors may be used for 15 ampere circuits, No. 12 is recom- 
mended as the smallest size conductor to use in wiring the 
home. This will permit additional use of electrical equipment 
through better lighting and more appliances. 

Circuits supplying individual pieces of equipment should 
have a carrying capacity sufficient for the load which they 
supply. The maximum demand for determining size of cir- 
cuits for cooking ranges may be calculated at 7,000 watts, for 
ranges rated up to 12,000 watts. 
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The National Ekcirkal Code darailies circuits as 15, 20, 25, 35 and 50 
ampere branch circuits and individual branch circuits. The minimum size 
of conductors that can be used for any circuit is the size having a carrying 
capacity equal to the rating or setting of the over-current device protecting 
the circuit. 

If conductors of a larger size are used in order to reduce voltage drop, 
the change in size of the conductor does not change the classification of tl» 
circuit . For eicample , if the rating of the over-current device is 20 amperes, 
the circuit is a 20-ampere circuit, regardless of whether the conductors are 
Nos. 12, 10, or larger. 

Location of Control Centers. — In the past it has been the 
custom to locate all circuit protective disconnects in one 
location. This location all too frequently was in the basement 
or other equally inconvenient space. It is becoming more and 
more the custom to place these control centers near the load 
centers. The kitchen, laundry and utility rooms have the 
greatest portion of the electrical load. For this reason, it is 
desirable to locate at least one of the control centers in such 
area. 

This will result in the branch circuits being short in length, because of 
their proximity to the various lighting and appliance outlets. In addition 
to greater convenience to the occupants, this method of location of control 
centers means less voltage drop smd gives more efficient operation of the 
electrical equipment, at a lower operating expense, and frequently at a 
lower initial cost. Figs. 5,225-4 and 5,225-5 shows schematically interior 
electrical systems. 

In laying out an installation, therefore, every reasonable effort ^uld 
be made to place control centers in readily accessible locations, at which 
points the protective disconnects controlling the several branch circuits 
can be grouped for convenience and safety of operation. The control ca- 
ters, available in the postwar market, have b^ reduced in size and im- 
proved in appearance. The assembly is very compact and is designed for 
ffuah mounting when desired. 

Determining Number and Size of Control Cmiters. — ^The 
main control center (service equipment) should be restricted to 
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ax protective subdivisions. There may be ^ breakers, dthra 
sin^^ or double pole. By keeping the subdiviaons witUa six, 
the main disconnect may be omitted, accorcUng to tte National 
Electrical Code. (Some local regulations may demand a main 
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disccmnect, even though the subdivisions are ^ or leas. 
fore, this question ^lould be checked with the local authorities 
having jurisdicti<xi.) 



Pio. $,22&-5."*'Scheiii8tic amuigement of tjrplcal distribution system for s Urfs home* 
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The hranch control centers should be restricted to eight poles; that is» 
eight single poles or four double poles, or four single poles and t«fo double 
poles. Generally, where more protective disconnects arc required, addi- 
tional control centers should be installed. 

Sizing Feeders and Service Entrance Conductors. — ^There are 
two steps in the process of determining the maximum load that 
feeders and entrance conductors will be required to carry. 
First, a reasonable estimate must be made of the probable 
cormected load and second, a reasonable value of the demand 
factor must be assumed. 

In very small electrical installations it is practical to assume that the 
entire connected load may be in operation at one time. This means the 
maximum demand will lx 100% of the total connected Ic^d, giving a 
demand factor of 100% . As the size of the electrical installation increases, 
it is reasonable to assume that there will be some diversification of the load. 

In the computations given later iii this chapter, a demand factor has 
been applied where four or more fixed appliances (served by individual 
equipment circuits) in addition to a cooking range, are provided. The 
exact value of the demand factor should be checked wiih the local authorities 
responsible for the governing regulations. 

In planning the backbone of the electrical system, that is, the service, 
feeders and control centers, the future demands that may be placed upon 
the system should be carefully considered. Conductors and control centers 
larger than actually required to serve the initial installation can be provided 
at a relatively small additional expense if done at the time of construction. 

The feeders and entrance conductors must, of course, carry the load to 
which they may be subjected and with a minimum voltage drop. It is 
reasonable to assume that there will be some diversification; that is, that 
the entire connected load will not be in use at any one time. 

It is recommended that no feeder be of a smaller size than No. 12 — 20- 
ampere circuit breakei rating. 

Service Entrance. — Every installation must include wires to 
bring current into the building, with proper means for dis- 
connecting the service, for over-current protection, for ground- 
ing, etc. All these needed accessories are known as the 
“Service Entrance.” 
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The Service Entrance consists of five parts: 

1. Service drop (supply line); 

2. Service entrance conductors: 

3. Meter; 

4. Disconnecting means and overcuirent protection; 

5. Ground. 

In general, the point of attachment of a service drop to a building should 
be not less than 10 feet above ground. Furthermore, the minimum denr* 
ance for service drop conductors should be 10 feet above sidewalks and 18 
feet above driveway, alleys and public roads. Underground service is very 
often desirable, principally from the standpoint of appearance. ConsuU 
with the local utility company early in the devebpment stage as to type of 
service available, the point of contact at the building and the questkm of 
overhead versus underground service connection. 

Sequence. — k commonly accepted sequence arrangement is 
shown in fig. 5,225-6. The arrangement is permitted by the 
National Electrical Code where the supply system is ax. and the 
voltage between conductors does not exceed 300. 


MAIN CONTROL CENTER 
f Sarvic* Equipment } 



Vta. oommon toqiienee of service or: 
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The ineter is mounted on the outside of the building. Ihe service ^uip* 
ment (main control center) is located inside the building at a r^dily 
accessitde point nearest the point of entrance of the service conductors. As 
previotniy stated, the number of circuit breakers that may be used as 
service equipment is up to and including six. The subdivisions may be 
two-or three- wire. 


Feeder Calculations 

There are three principal methods used in calculating 
illumination requirements. They are: 

1. Watts per square foot*; 

2. Lumen method: 

3. Point by point. 

Although all three methods are used, the simplest way to 
arrive at the required wattage in such simple structures as 
homes, is by the use of the waU per square foot method. 

In calculating the load on the basis of watts per square foot, 
the floor area ^lall be computed from the outside dimenswns 
of the building, apartment or area involved, and the number 
of floors, not including open porches, garages, in connecti<»i 
with dwelling occupancies, nor unfinished spaces in basemaits 
w attics. 

The ixocedure in computing feeder sizes lot home require- 
ments may best be shown by the following examples: 

Exurnplem — It is required that a single family dwelling be wired in accotd ' 
ance with the National Electrical Code, The dwelling has a floor area of 
800 square feet, exclusive of unoccupied cellar, unfinished attic and open 
porches. With reference to fig. 5,225-7 showing the control center and 
f^eeder layout, what service capacity and feeder sizes are required when the 
kiad is assumed as two watts per square foot. 


*NOTE.-^Aooordiiic to the Natioml SUeMeal CeJe spartmetitfl. ringle and midd-Citiilly 
dwellings should have a fidnimuin illumination of two watts per square foot. It k also reoom- 
fnended that in occupancies for dwelling purposes, in addition to any branch circuit cupfilyliif 
appliances a 15 ampere branch circuit be installed for each SOO square feet of door area^ 
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Solution.— The aervke capacity and feeder aiaea nay be obtained at 
Ctdlowt: 

Strpiee Oapaelty 

General lighting 800 sq. ft. X2watts»1.600 watts 

Small Appliances — 1,000 

2.600 

First 2,500 at 100%-2.S00 watU 
100 at 30%- 30 

Range— 7,000 watts Demand -7,00Q 

Water Heater 2,000 watts 

Heating Unit 700 

Washer 350 3,050 

12,580 watU 

Assuming 3-wire, 115/230-volt service:— 12,580-t- 230 -54.7 amperes. 
No. 4 Conducttv required (70-amp., 2-pole toeaker). 



Jbedar JVb. FI 

Qrcuit 1: — Water Heater 2,(X)0 watts 

At 2-wire, 230 volts: — 2,000->-230 — 8.7 amperes. 

No. 12 Conductor recommended (20-amp., 2-pole breaker). 

FppdprN’o.FX 

Prcuit 2:— Range 7,000 watts 

At 3-wire, 115/^ volts:— 7,0004-230-30.4 amperes. 

No. 8 Conductor required— Neutral No. 10 (35-amp., 2-pole bradter). 
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Feeder No, FS 

Circuits 3-4:— Lighting 800X2 watts-* 1.600 watts 
Circuits 5-6-7: — Small Appliances 1,000 

2,600 

First 2^ at 100% •*2,500 watts 
100 at 30% - 30 


Qrcuit 8: — Heating Unit -■ 700 

Circuit 9: — Washer - 350 

3,580 watts 


At 3-wire, 115/230 volts: — ^3,580-^230-15.6 amperes. 

No. 10 Conductor recommended (25-amp., 2-poie breaker).* 

JPssdSr No^ F4 

This is a spare feeder circuit for future use (20-amp., 2-pole breaker) . 

Example . — It is required to compute the feeder sizes required for a 
single family dwelling having one main and two branch control centers as 
i^wn in fig. 5,225-8. What will be the minimum size feeders (or service 
conductors) required for this layout when the computed floor area is 1,200 
square feet, assuming two watts per square foot? 

Solution . — The service capacity and feeder sizes will be obtained as 
follows: 

Service Capacity 

GeneralLighting.l,200sq.ft.X2watts-2,400 watts 

Small Appliances - 1,500 

3 9(X) 

First 2,500 at 100% -2,500 watts 

1,400 at 30%- 420 

Range— 9,000 watts Dcmand-7,000 

Water Heater 3,000 watts 

Heating- Air Cleaning Unit 800 

Washer 350 

Bathroom Heater 1,000 

5,150 at 80%- 4,120 

14,040 watts 

Assuming 3-wire, 115/230-volt service: — 14 ,040-1-230 -61.0 amperes. 
No. 4 Conductor required (70-amp., 2-pole breaker). 


*NOTE.— It is iraporumt that proper voltage and regulation be maintaified for eatiateGtocy 
OpefStkm of the waaher. Therefore, if voltage imprea^ at point of aervice entrance ii km, 
or irregular, it ia recommended that the feeder and its protective device be ineruutd en a a foe . 
Conault loc^ utility company. 




1 WATER HEATER 



Fio. 5,22&>8.— Scfaeinttk wiring diagmn showing feeder layout for two branch mtiol oentera. 
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F^edm No* FI 

Ciraiit 1 : — Water Heater 3»000 watti 

At 2-wire, 230 volts: — 3, 000-4- 230 13.0 amperes. 

No, 12 Conductor recommended (20-amp., 2-pole breaker). 

Feedor No* F2 

Circuit 2:— Range 7, 000 watts 

At 3-wirc, 115/230 volts: — 7,000+230 - 30.4 amperes. 

No. 8 Conductor required— N^tral No. 10 (35-amp.. 2-pc^bireaker). 

Foeder No* F3 

Circuit 3:— Washer 350 watts 

Circuit 4: — ^Heating-Air Cleaning Unit 800 

Circuits 5-9:— Small Appliances.' 1,500 

2,650 watts 

At 3-wire, 115/230 volts: — 2.650+230-11.5 amperes. 

No, 10 Conductor recommended (25*amp., 2-pole breaker). 

Feeder No* F4 

Circuit 13: — ^Bathroom Heater 

Qrcuits 10-12: — ^Lighting 

1,200X2 watt8-2,400 watts 

Small Appliances -1,500 

3 900 

First 2!500 at 100% 

1,400 at 30% 

At 3-wire, 115/230 volts:- 3,920+230-17 amperes. 

No. 10 Conductor recommended (25-amp., 2-pole breaker). 

Feecfor No, F$ 

This is a spare for future use (20-amp., 2-pole breaker). 

Example . — ^A typical control center and feeder layout for a sfaigte 
family home is shown in fig. 5,225-9. This home has a door area of 2.(W 
square feet and is equipp^ with such fixed ai^Uances as range, water 
heaters, dryer, washer, garbage eliminator, etc. The small (or portable) 
appliance load, such as coffee makers, hand irons, toasters, vaonim 
era, etc., is taken as 1,500 watts. 

Compute the service capacity and minimum feeder sises when the 
illumination required is taken as two watts per square foot. 


1,000 watts 


-2,500 
- 420 
3,920 watts 
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Solution . — ^In a manner similar to the foregoing we obtain: 

Service Copacity 

GeneralLi^ting,2,000aq.ft.x2watts»4,000 watts 

Small Appliances * 1,500 

5,500 

First 2,500 at 100% ■■2,500 watts 
3,000 at 30% « 900 

Range — 11,000 watts Demand ® 7,000 

Water Heater 3,000 watts 

Heating' Air Cleaning Unit 900 

Washer 350 

Bathroom Heaters 2,000 

Clothes Diyer 4,500 

Electric Sink (Dishwasher — Garbage 

Eliminator) 1,000 

11,750 at 8Q% -9,400 

19,8(X) watts 

Assuming 3-wire, 115/230-volt service: — 19,800-^230-86.0 amperes. 
No. 2 Conductor required (90-amp., 2-pole breaker). 


Feeder No. FI 

Circuit 1: — Water Heater 3,000 watts 

At 2-wire, 230 volts: — 3,000-1-230-13.0 amperes. 

No. 12 Conductor recommended (20-amp., 2-pole breaker). 

Feeder No. F2 

Circuit 2: — Range 7,000 watts 


At 3-wire, 115/230 volts: — 7,000-4-230 — 30.4 amperes. 

No. 8 Conductor required — Neutral No. 10 (35-amp., 2-pole breaker). 


Feeder No. F3 

Circuit 3: — Clothes Dryer 4,500 watts 

At 2-wire, 230 volts: — 4, 500-*- 230- 19.6 amperes. 

No. 10 Conductor recommended (25-amp., 2-pole breaker). 


Feeder No. F4 

Circuit 4: — Washer 350 watts 

Ourcuit 5: — Heating- Air Cleaning Unit 900 

Circuit 6: — Electric Sink (Ehshwasher— Garbage Elimi- 
nator) 1,000 

Circuits 7-11: — ^Small Appliances 1,500 


3,750 watts 

At 3-wire, 115/230 volts:— 3,760-4-230-» 16.3 amperes. 

No. 10 G^uctor recommaided (25-amp., 2-pole breaker). 



Wiring Reqairements ior the Home 2,977 


Feeder No* F5 

Circuit 16: — ^Bathroom Heaters 

Circuits 12-15:— Lighting 

2,000X2 watts -4,000 watts 

Small Appliances - 1,500 

5,500 

First 2,500 at 100% ■ 

3,000 at 30%» 

At 3-wire, 115/230 volts: — 5,4004-230 — 23.5 amperes. 

No. 10 Conductor required (25-amp., 2-pole breaker). 

Feeder No* F6 

This is a spare for future use (20-amp., 2-pole breaker) 

Example * — A wiring layout for a large home is as shown in hg. 5,225-10. 
The floor area is 3,000 square feet and the illumination required is two watts 
per square foot. With reference to the diagram there are one main control 
center and three branch control centers. With the general lighting, fix«i 
and portable appliances as given what will be the minimum service capacity 
and feeder sizes required in this layout? 

Solution * — ^The feeder capacity is obtained by adding the total wattage 
and dividing by the voltage in the usual manner. We have: 


2,000 watts 


2.S00 

900 

5,400 watts 


Service Capacity 

General Lighting 3,000sq,ft.X2watts — 6,(XX) watts 

Small Appliances — 1 ,500 

7,500 

First 2,500 at 100%— 2,500 watts 
5,000 at 30%- 1,500 

Range — 14,(XX) watts Demand - 7,700 

Water Heater 3,000 watts 

Heating- Air Cleaning Unit 1 ,(X)0 

Washer 350 


Clothes Dryer. 4 ,500 

Electric Sink (Dishwasher— Garbage 

Eliminator) 1,000 

Bathroom Heaters — 2,400* watts or\ o inn 
Air-Cooling Unit-i3,100 watts 

12,950 at 80% - 10,360 

22,060 watts 


The latvcT of these two wattages is used, as it is reasonable to assume that only 
ooa of the two units will be in operation at a time. 
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Ammnxig 3-wJrc, 115/230-volt service:— 22»0604> 230 «-95.8 amperes. 
No. 1 Conductor required (lOO-amp., 2-pole breaker). 

F^Beder No. FI 

Circuit 1:— Water Heater 3.000 watts 

At 2-wire. 230 volts:— 3,000-8-230-13.0 amperes. 

No. 10 Conductor recommended (25-amp. , 2-pdlfe breaker) . Although 
No. 12 Conductor (20-amp. breaker) would satisfy this condition. 
No. 10 .Conductor (25-amp. breaker) is recommended for homes in 
this group. 

Feeder No. F2 

Circuit 2:— Range 7,700 watts 

At 3-wire. 115/230 volts: — 7.700-8-230 - 33.5 amperes. 

No. 8 Conductor required — ^Neutral No. 10 (35-amp., 2-pole breaker) . 
Feeder No. F2 

Circuit 3:— Washer 350 watts 

Circuit 4: — ^Heating- Air Cleaning Unit . l.(X)0 

Circuit 5: — Clothes Dryer 4.500 

Circuit 6: — ^Air-Cooli^ Unit 3,1(X) 

Circuit 7: — ^Electric Sink (Dishwasher — 

Garbage Eliminator) 1,0(X) 9,950 watts 

At 3-wire, 115/230 volts: — ^9,950-8-230 - 43.3 amperes. 

No. 6 Conductor required (50-amp., 2-pole breaker). 

Feeder No. F4 

Circuits 8-10: — ^Lighting *3,000 watts 

Circuits 11-15:— Small Appliances 1.500 

4.500 

First 2,500 at 100% -2,500 watte 
2,000 at 30%- eOO 

3,100 watte 

At 3-wire, 115/230 volte: — 3,100-8-230-13.5 amperes. 

No. 10 Conductor recommended (25-amp., 2-pole breaker). 

Feeder No. F$ 

Circuits 16-18: — ^Lighting *3,000 watte 

Small AppUanoes — .1,500 

4.500 

First 2,500 at 100% -2,500 watte 
2,000 at 30%- 600 

Qroiit 19:— Bathroom Heaters 2»400 

5,500 watte 

«ft|dTE^The total lightinK load is 6,000 watts, whidi, divided over 6 dradta, rwultt hi 
JUOQO watts par dreuit. Tha lighting load per feeder may be aciived at bgr malthihFiiig the 
— i— tinr of dicuita by 1.000 watte. 
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At 3-wire, 115/230 volts:— 5.600+ 230 *23 .9 amperes. 

No. 10 Conductor required (25-amp., 2-pole brewer). 

Feeder No. F6 

This is a spare for future use (20-amp., 2-pole breaker). 

Meter Connections. — ^The watthour meter is used to measure 
the energy consumed in any installation for electric light and 
power. 

A watthour meter in its simplest form consists of a device fundamentally 
similar to an electric motor; that is, it has one winding which is connected 
in series with the load and4he other winding across the circuit . The torque 
of such a meter will, therefore, be proportional to the power and the total 
revolutions of the meter will be a measure of the energy consumed by the 
load. 

In addition the watthour meter is equipped with a register for recording 
the revolutions and a magnetic brake. Meter connections for various types 
of service are shown in figs. 5,225-11 to 5,225-13. 

Meter Installations. — Regardless of the number of phases^ 
types of current and voltage, all meters are now manufactured 
in two classes with respect to their mountings, namely, for: 

1. Indoor installations; 

2. Outdoor installations. 

Meters for indoor installations should in general be mounted 
securely not less than four feet, nor more than seven feet from 
the floor in a clean, dry safe place, relatively free from vibration 
and extremes in temperature. 

It is preferable in residential installations that the meters be installed on 
the ground floor or in the basement. They should not be installed in 
closets, coal bins, over doors or on insecure pai^tions, nor in close proximity 
to madbinery, stoves, radiators or steam or gas piping. 

Meters designed for outdoor installations are, of course, designed to ixro- 
tect the meter from the weather. A type of meter and meter fittings de- 
signed for installation outdoors are shown in figs. 5,225-14 to 5,22S-17. 




ac 11^2307. DISTRlBUTtON SYSTEM 
1 NEUTRAL . ! 
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Fig. S.2^13v-*Si:heiiiatk wiring diagram showii^E typkal feeder layout and watthoiir meter oocmecUon for flogle phase, Uwee- 
wiie service. 
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The detachable type meter provides a most compact installation for out* 
door service. It is neat in appearance and can be removed from service 
instantly for recalibration or checking. A sealing ring is provided to lode the 
meter into the socket so that it is absolutely tamperproof. As the sealing 
ring is weatherproof, meters can be installed ou^oors without enclosures 
over them in rural residental areas, but may not be practical in large 
metropolitan areas or commercial establishments. 

Meters located outdoors should in general be mounted at least three feet 
from the ground or standing level and should be in a location which does 
not detract appreciably from the appearance of the building. The ob- 
jections to appearance are largely overcome by selecting inconspicuous 
locations. 




Fia. 5,225-14 to 5.225-17. — Showing Westinghouse type CS detachable wattbour meter 1^/ 
outdoor service, with various type sockets. 

Grounding. — Interior electrical systems are grounded for 
the purpose of limiting the voltage upon the system to within 
tlK voltage for which the system is designed, or to limit maxi- 
mum potential to ground due to normal voltage. Hie system 
may exposed to voltage higher than that for which it is de- 
signed if supplied through a step-down transformer, in that 
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there is a possibility of a cross occurring between the primary 
and secondary lines. 

Fig. 5,225-13 shows the conditions normally existing in a 
grounded three-wire interior wiring system suited through a 
transformer from a high tension primary a.c. distribution sys- 
tem. The primary is assumed to be sins^e-phase, two-wire 
with grounded neutral, the voltage being approximately 2,400 
volts between the phase wire and the neutral. 

In the interior electrical system, the neutral conductor is permanently 
grounded to a water pipe or direct ^und at the service entrance. There 
is normally no difference of potential between the neuttal conductor mid 
ai^ grounded conducting material, such as a cement floor laid directly on 
the ground or any water pipe. Between any grounded object and either of 
the ungrounded conductors, there is a difference of potential of nominally 
115 volts. 

If an accidental connection should occur between the ungrounded high 
tension conductor and one of the ungrounded secondary conductors, a cur- 
rent will flow from the high tension line to the secondary **hot" (ungrounded) 
line, through the transformer winding to the grounded secondary conductor, 
thence to ground and return to the primary system through the grounded 
neutral of the primary. 

The voltage above ground of the interior system will be the voltage drop 
in the grounding conductor and in the contact between the electrode (such 
as a pipe or rod driven into the ground) and ground. A good ground to a 
water system will generally offer a resistance of less than two ohms; a fairly 
severe condition might result in a current of 100 amperes, and with a resist- 
ance of 2 ohms from the neutral conductor to ground, a voltage drop of 
200 volts (I XR or 100X2) would re^lt. 

On the other hand, if no ground connection was made to the secondary 
system, then the voltage above ^ound of the secondary conductors would 
be very nearly the same as the high tension lines. Not only would this be 
hazardous to a person accidentally coming in contact with one of the 
secondary conductors, but the interior electrical system and equipment 
would be subjected to a severe electrical strain. 

As all conducting parts of the interior electrical system are insulated for 
a normal voltage to ground of not over 600 volts, increasing the potential 
to 2,400 may cause the insulation to break down in numerous places. F^m 
these breakdown points, stray currents may flow to ground and may cause 
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heating of the conducting material through which it flows to mich a high 
temperature as to cause a fire. 

A good effective grounding of the interior electrical system can prevent 
an excessive increase of the voltage to ground. This will eliminate to a 
great extent both the hazard to life and the fire hazard, in case of exposure 
to lightning or through exposure in any other manner of a high pot^tial on 
the secondary system. 

Furthermore, the exposed non-current carrying metal parts of the equip* 
ment should be well grounded, thereby keeping them near or at ground 
potential . Such a precaution will , in case of a breakdown of the inflation 
of any conductor contained in the equipment (for example the windings of a 
motor), prevent the exposed metal p^s from being raised to a potential 
much above ground. Therefore, a person touching the equipm^t will be 
in no danger of receiving a severe shock. 


Fluorescent Lighting Methods 

Flu(x«scent lamps are adaptable to residential interiors for 
both seeing and decorative purposes because of their shape, 
coolness and high efficiency, llie white and daylight lamps 
have the greatest application in modem home lighting, wlule 
the adored lamps are frequently installed where decorative 
and architectural lighting is desired. 


Nature of Fluorescence. — ^By definition the fluorescent lamp 
is an electric discharge lamp in which the radiant energy from 
the electric discharge is transited by suitable mataials (such 
^idiosphorus) into wave lengths giving visible light. 

\ ''I 

^ In an incandescent lamp, the \i^t is produced by electricity flowing flx>m 

one lead wire to axx)ther through a filament in the center of the bulb, A 
fluorescent lamp, on the other hand, has no Ught-producing filament and 
its does not depend on the generation of heat. Here invisible ultra* 
violet radiation is produced, by an electric discharge through mercury vspor, 
at low pressure and is converted into visible light tiuough the actkm of 
fluorescent substances (phosphorus) which ai^ ocmted on the inaide sm^^ 
of the tubular lamp. 
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The coating ludterial used depends upon the color effect desired and may 
consist of zinc silicate » calcium tungstate ^ cadmium borate t tine beryllium 
sUkattf magnesium tungstate, etc. 

For white and daylight lamps, the foregoing pho^horus are cozhbined. 
Green, pink and blue lamps use z^ silicate, cadmium borate and calcium 
tungstate, respectively. C^ld and red lamps use a color phosphorus plus a 
sm^le dye. 

All of the phosphorus are dialk>llke white powders when not exposed to 
ultra-violet radiations. Thus the unlighted appearance of most fluorescent 
lamps aze identical. Exceptions are the gold and red lamps in which it is 
necessary to coat the bulb with the appropriate pigment azui then add a 
second or inner coat of fluorescent powder {zinc beryllium silicate and 
cadmium borate, respectively) . The pigmented coat absorbs the radiatiozis 
which are not desir^ in the spectrum of the finished lamp. 

Lamp Constnictioii. — Fluorescent lamps are tubular in ^pe 
and are usually provided with special two-pin bases at each 
end as illustrated in fig. 5,225-18. These pins are connected to 
the dectrodes of the lamp which must be preheated before the 
lamp is started. They are manufactiued in various lengths 
aud wattages ranging fix}m six watts nine inches to 100 watts 
and 60 inches in length. 
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Lamp Auxiliaries 

The Ballast. — In common with all gaseous discharge lamps, 
the fluorescent lamp must be provided with some device for 
limiting the current drawn by the discharge. Without a 
limiting device, the current would raise to a value that would 
destroy the lamp. This requirement can best be met by a 
device (»* auxiliary called a ballast. 

The ballast for operating fluorescent lamps on 60 cycle 
alternating ourent consists of a small choke coil wound on an 
iron core. 

The ballast serves three important functions, namely: 

1. It preheats the electrodes to make available a large supply of free 
dectrons; 

2 . It provides a surge of relatively large potential to start the arc between 

the electrodes; 

3. It {^events the arc current to increase beyond the limit set for each 

size of lamp. 

The ballast as commonly used is a current limiting device consists of a 
choke coil alone or in combination with a step-up transformer, as well as 
condensers for power factor correction. These are usually mounted in the 
same case as the choke coil, and the entire assembly is insulated in a com- 
pound. Thus the entire ballast assembly has only a number of protruding 
wires which are necessary for making the connections to the exteri^ circuit. 

Ballasts may be designed for operation of a single lamp or as is more 
common, for two lamps mounted in a single fixture. Certain practical 
advantages are obtained from the choice of an electrical circuit which 
combines under one cover the equipment for the control of two lamps. 

Chief among the advantages are improved power factor, decreased stro- 
boscopic effect and reduced auxiliary losses. Eadi lamp is operated through a 
separate choke coll. A condenser is connected in series with one lamp and 
its choke coil to give a leading current. The leading and lagging currents 
will combine with a resulting line power factor of very nearly 100%. 
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Starters 

A second device necessary with most fluorescent lamps is a 
starter. The starter is designed to act as a time delay switdi 
which will connect the two-filament type electrodes in each end 
of the lamp in series with the ballast during a short preheating 
period when the lamp is first turned on and then open the cir- 
cuit to establish the arc. This preheating causes the emission 
of electrons from the cathodes and thus makes it possible for the 
arc to strike without the use of excessively high voltage. 

Type of Starters . — The most common type of starter is the gkm type, 
although the thermal and manual t3rpes find applications in spedal circuits 
such as in direct current circuits and where only a few lights are to be 
switched such as in home lighting. 

Glow-Type Starters . — This is one of the most popular starters used. 
The switch is enclosed in a small glass bulb, hg. 5,225-19, and consists of 
two electrodes, one of which is made from a bi-metallic strip, in an inert 
gas such as neon or argon. These electrodes are separated under normal 
conditions but when closed form part of a series circuit through the lamp 



Fio. 6,225-f9.*— Showliig; prindpal iiarti of typieal glow type starter. In the illustrBtkni A 
represents glass bulb 5Ued with inert gas; B, Axed electrode; C, bi-tnetal strip. It should be 
oterved that one glow type starter is required for eadi fluorcseent lamp. 
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electrodei and the reactance. When voltage is applied a small current 
flows as a result of the glow discharge between two dectrocks of the switch. 
Heatmg of the electrodes results, which by the expannon of the bi-metallic 
dement, ^uses the electrodes to touch. This short circuiting of the switch 
stops the glow disdiarge but allows a substantial flow of current to preheat 
the lamp dectrxxks. 

There is enough residual heat in the switch to keep it dosed for a abort 
period of time for the electrode preheating. The giow being quenched, the 
bi-metal cools, the switdi opens and the resultant high voltage Surge starts 
normal lamp operation. If the lamp arc foils to strike, the cycle is re- 
peated. 

Thermal Starters . — A typical thermal or resistanoe-heat-operated 
starter is shown in fig. 5,225-20. In a starter of this type, when the line 
switch is dosed, the bi-metal operating strip A is touching carbon contact •, 
thus allowing the current to preheat the lamp cathodes. However, the 
heat generated by the current at this point of contact causes the bi-metal A 
to move away from B, thus establfoh^ an arc within the lamp. A is then 
k^it away from B by heat generated in resistor 0$ which is subjected to the 
same voltage as the lamp. 

In re-starting, after a momentary interruption of current, C is subjected 
to foil-line voltage, and the additional heat causes A to bend until it toudies 
restart contact D. This allows current to preheat the cathodes again; 
but at the same time, it short-circuits C, so that A moves away from D 
and an arc is established again. 



Fio. 5,225-ao.— Showitif eHeatU paru of a tliermal type itartar . 
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Manual T%e simplest type of starter is the mantsal type. 

In its bade fesm it consists of a switch or pudi button connected in se^ 
with the two cathodes (electrodes) of the lamp. To start the lamp the line 
switch must first be turned on. The starts switch is then closed until the 
elec^odes have become heated. This takes only a few seconds. Then the 
starter switch is opened to establish the arc. A small condenser connected 
across ^e terminals of the starter reduces ardng, and also aids in the 
elimination of radio interference during the starting and the (^)erating 
periods. 

Frequently, in manual-type starters, the line switch and starter switch 
are incorporated in a single unit. Push-button switches of this type are so 
designed that the starter switch is closed when the button is fully depress^. 
The chief advantage of the manual type starter is its simplicity. The in- 
convenience of operation, however, in^es it suitable only for applications 
where relatively few lamps are involved. Its use has been confined almost 
entirely to desk and portable lamps and similar applications where the lamp 
itself is within easy reach. 


Lamp Circuit Baiiasts 

When connecting lamps, ballast and starter into an electric 
circuit, it is of the utmost importance to observe the manuhic- 
turer’s diagram usually labeled on the ballast. This diagram 
riiould be followed in each instance for proper operation of tl» 
lamp or lamps. Also it should be clearly understood that each 
lamp size must have a ballast designed for its particular wattage, 
potential and frequency. 


A.C.UNE 



BALLAST 

aUORESCENT iAMP 

O 



STARTER 

Fui. S,22&21.— Wiring diagram liiowlfig etrantial dementi and wiring of abide ftuoraMint 
Due to the ab ien oe of power factor oometive ele men t (condeiwar) any lanip 
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Diagrams figs. 5,225-21 to 5,225-27 are intended to illustrate the various 
types of ballast circuits, but it should be noted that the exact relationship 
of these parts and the manner in which the wires are brought out from the 
case may differ for the ballasts of different manufacturers. 

Single^Lamp Batlasts.^The circuit for the single lamp ballasts is 
shown in hg. 5,225-21, whereas a power factor corrected ballast is shown 
in fig. 5,225-22. For operating the 13, 30, 40 and 100 watt lamps on 110- 
125 volt circuits, the ballast must include a transformer for stepping up the 
voltage. In single lamp power factor corrected ballasts of this type, a 
condenser as shown by the dotted lines, fig. 5,225-23, must be included. 

Two^Lamp Ballasts. — These are designed to provide power factor cor- 
rection and also to minimize stroboscopic effect*. 



Fio. 5.225-22. — ^Wiring diagram of single fluorescent lamp with power factor corrected ballast. 


They actually include two separate choke coils, one of which has a 
condenser in series with it to accomplish the desired power factor correction. 
This is possible because of the fact that a condenser produces what is known 
as a leading power factor which offsets the lagging power factor caused by 
the inductive choke. 

It is in this manner that the power factor of fluorescent lamp circuits are 
adjusted to nearly unity in most cases . It is customary to term that lamp 
which is connect^ to the condenser side of the ballast as the leading lamp, 
and that connected to the inductive coil or choke, as the lagging lamp. 
Figs. 5,225-24 to 5,225-27 show typical connection methods. 


"NOTTE.— The stxdbo&anAc effect ie en effect giving the Ulution of a dumgiiig motion of 
mov^oblecte WhenexpOMd to rapid Ught pulsatiom «irh at that generated by an alternating 
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BALLAST 


Pto. 5.225>23.— Wiring diagram of aingk fluoreaoent lamp with power factor ooirected ballast 
and auto-transformer. 
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Fto, & 4 S 2 &' 26 .'*-Wlring dlacniin of a two-famio ballait vith • foor-coRtael tttrtcr todwt im 
each lamp. 
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Lampholdmra mnd Starter Aaclwf*.— These are usuaUjr ayidtaMa for 
lamps with miniatttre, medium and mogul Uimbaaes. Usuatljr the starter 
is mounted separately so that it may readily be rei^oed without removing 
tee lamp itself. A standard twist-turn type of lampholder it teown in fig. 
5,225-28, while a starter and separate socket is shoim in fig. 5,225-29. 

Mogul starter sockets have four contacts and hence thoe are four leads 
oMningfitnn a socket of this type. See fig. 5,225-26. Whoiacombinatkm 
mogul lamp holder and starter socket is used, the connections between the 
two are already made intonally. 

Direct Current Operation. — ^While the fluorescent lamp is 
basically an alternating current lamp, it is also used on dx. 
service when a.c. is not available. When operated on d.c. 
only about 80 % of a.c. life performance can be expected. 

Also on d.c. the extra wattage loss in the resistance ballast 
is considerably larger than the a.c. ballast loss, thus causing a 
less economic^ operation. 



d i 
AC.UNE 


f'lio. diiigrii^ far dpw mU m two 14 witt Baanacwt banpi In Mriet 


wicba 
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Due to the lack of voltage peak v^ere dx, is usedt lamp starth^ k 
generally more difficult than on ax, and special starting devices should be 
used. The thermal and manual starting switches in addition to a starting 
inductance are generally employed. Ordinarily the glow switch is not 
suitable for dx, operation and although no harm will result, the lamp 
generally will not start. 

With fiuorescent lamps, one end of the tube may become dim after op- 
erating a few hours on dx, due to the bombardment of the electrons in one 
direction only. By reversing the direction of current flow at certain in- 
t«^s (once a day or more frequently if desired) by means of a special 



Ficm. 64S2&-28 and 5.225>29.-— Showing a standard twitt>ttim lampholdar for fliionaoant lampi 
with mediiun bipin bases and fluorescent lamp starter and starter socket. 
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polarity rmrsing swilek, this end dimming may be eliminated. Pig. 
5»225-30 shows a general wiring diagram of the fluorescent lamp at^ 
necessary circuit elements for d.c. operation. 


TEST QUESTIONS 

1 . What does an effective and efficient electrical system 
depend upon? 

2. What is generally understood by the terms (a) fixed 
appliances, and (b) portable appliances? 

3 . What are the three fundamental rules which must he 
followed if the lighting of the home is to be truly good? 

4. What factors should be considered in choosing the 
fixture for a home? 

5. What are the three essential components in a fluores- 
cent fixture? 

6. Where should the entrance light be placed in a home? 

7. What is the most important room in the home with 
reference to lighting? 

8 . What is the minimum requirements with reference to 
the number of convenient outlets ? 

9. Wluit are the two requisites for a well lighted kitchen? 

10. Give the purpose and general location of the master 
control switch in a home. 

1 1 . What is the smallest size conductor recommended for 
use in wiring the home? 

12. Why is it customary to place the control centers near 
the load center when wiring a home? 

1 3 . How are the number and size of control centers usually 
determined? 

14. What are the two steps in the process of determining 
the maximum load that feeders and entrance con- 
ductors will be required to carry? 
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15. Nsme the five components, composing the service en- 
ircmce in a home wiring system. 

16. Where is the watthour meter usually hcalal in a 
home wiring system? 

17. Name the three principal methods employed in cal- 
dilating illumination requirements in a home. 

18. What is the minimum illumination requirements in 
watts per square foot in single and multi-family 
dwellings? 

19. Draw a schematic wiring diagram giving sequence of 
apparatus and circuit breakers for a two-branch con- 
trol center. 

20. Draw a schematic wiring diagram showing typical 
feeder layout and watthmr meter connections for a 
single phase, three wire a.c. service. 

21. What is the purpose of grounding interior electrical 
systems? 

22. What types of fluorescent lamps have their greateH 
application in modern home lighting? 

25. What is the function of the ballast as apfdied to a 
fluorescent lamp? 

24. What is the function of the starter and how does it 
operate in a fluorescent lamp circuit? 

25. Name three types of fluorescent type starters and give ' 
the construction of each. 

26. What method is employed in correcting the power fac- 
tor of fluorescent lamps? 

27. Draw a wiring diagram of a two-lamp ballast with 
^rting compensator and starter. 
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CHAPTER 97 

Wires and Wire 
Caicuiations 

To acquaint the reader with the terminology employed in this 
and subsequent chapters, the following definition of terms most 
commonly used are given: 

AppUance^ — ^Appliancses are current consuming equipment, fixed or 
portable for example, heating, cooking and small motor operated equipment. 

Branch Circuit. — That portion of a wiring 53rstem extending besmnd 
the final overcurrent device protecting the circuit. A device not approved 
for branch circuit protection, such as a thermal cutout or motor overload 
protective device, is not considered as the overcurrent device protecting 
the circuit. 

Brunch Cireuitc (Appliance). — ^Appliance brandi circuits are drcuits 
supplying energy either to permanently wired appliances or attadiment 
I^ug receptacles, that is, appliance or convenience outlets or to a oomfaina* 
tion of permanently wirro appliances and additional attachment plug 
outlets on the same circuit; such circuits to have no permanently connected 
U^ting fixtures. 

Branch CircuitM (Combination I^hting and ^pliance). — Com- 
bination light^ and appliance branch drcuits are drcuits supplying energy 
to both lighting outlets and appliance outlets. 

Branch CbreuiH (Lighting). — ^Lighting branch drcuits are drcuits 
•upplying energy to lighting oufiets oiuy. 

Branch Cireuite (Motor). — A motor branch circuit is a branch circuit 
«u|q|>lying energy only to motors. 

Cabinet. — ^A cabmet is an endosure dedgned either for surface or fiudt 
mounting and provided with a frame, mat or trim in which swinging doom 
•re hung. 
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Pig. 6.868.r^ThrBe phase motor test; voltmeter and ammeter method. If it ba desired fo 
detennine the approximate load on a three phase motor, this may be done by means of the 
oonncctions as shown in the figure, and the current through one of the three lines and the 
voltage across the phase measured. If the voltage be approximately the rated voltage 
of the motor and the amperes the rated current of the motor (as noted on the name plate) 
it may be assumed that the motor is carrying approximately full load. If. on the other 
hand, the amperes show much in excess of full load rating, the motor is carrying an over- 
load. llie heat generated in the copper varies as the square of the current. That generated 
m the iron varies anywhere from the l.fi power, to the square. This method is very con- 
venient if a wattmeter be not available, although, it is. of course, of no value for the deter- 
mination of the efficiency or power factor of the apparatus. This method mves fairly accu- 
rate results, providing the load on the three phases of the motor be fairly well balanced. 
If there be much difference, however, in the voltage of the three phases, the ammeter should 
be switched from one circuit to another, and the current ifieasured in each phase. If the 
fflotqr be very lightly loaded and the voltage of the different phases vary by 2 or 8 per cent., 
the Currant in the three legs of the circuit will vary 20 to 30 per cent. 



Pm. ^Three phase motor test by the two wattmeter method. If an aoeurate test of 

a three phase motor be Te 9 vured, it is necessary to use the method here indicated. Aaaume 
the motor to be loaded with a brake ao that its output ,can be determined. This method 
^ves correct results even with considerable unbalancing in the voltages of the thrM phasre. 
with the connections as shown, the sum of the two wattmeter reading ffives the total power 
in the circuit. Neither meter by itself measures the power in any one of the three phases. 
In fact, with fight load one of the meters will probably give a negative reading, and it will 
then be necessary to either reverse its current or pressure leads in order that the defiection 
msy be noted. In such cases the algebraic sums of the two readings must be taken. . In 
other words, if one read plus 600 watts and the other minus 800 watts, the total power in 
the circuit will be 600 minus 800, or 200 waits. As the load comes on, the leadbgs of the 
instrument which gave the negative deflection will decrease until the reading dro{M to sert., 
and it will thep be necessaiy to again reverse the presstuu leads on this wattmeter. Thm 
after the readings of both instruments will be positive, and the numerical sum of the two 
^ould be taken as the measurement of the load. If one set of the instruments be removed 
from the circuit, the reading of the remaining wattmeter have no meaning. As stated 
above, it will not indicate the power under these conditions m any one phsM m the drcim. 
^Tbe power factor is obtained by dividing the actual watts input ^ the product of the avee* 
egi m the voltmeter readingsX the average of the ampere readings X 1*18. 
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Conduit Box. — conduit box is a metal box adapted fen* connection 
tx> conduit for the purpose of facilitating wiring, making connections, 
mounting devices, etc. 


Distribution Center * — A distribution center is a point at which is 
located equipment consisting generally of automatic overload protective 
devices connected to buses, the principal functions of which are the sub- 
division of suppler and the control and protection of feeders . sub-feeders or 
branch circuits or any combination of feklers, sub-feeders or branch circuits. 

Distribution Center (.Branch Circuit )* — A branch dicuit distribution 
center at which brandi circuits are suppli^. 

Distribution Center (Feeder )* — A feeder distribution center is a 
distribution center at which feeders or sub-feeders are 8ui:^lied. 

Distribution Center (Jdain )* — A main distribution center is a dis- 
tribution center supplied directly by mams. 

Feeder*— K feeder or feeder circuit is a conductor or group of conductors 
of a wiring system between the service equipment or the generator switdi- 
board of an isolated plant, and the bran^ circuit overcurrent device. 

A feeder or feeder circuit in an interior wiring system, is a set of conduc- 
tors extending frmn the original source of energy in the installation to a 
distributing center and havmg no other circuits connected to it between 
the source and the center. 

Sub^Feeder * — ^A sub-feeder is an extension of a feeder, or of another 
sub-feeder, from one distribution center to another and having no other 
circuit connected to it between the two distribution centers. 

Junction Box * — ^A junction box is a metal box with a blank cover which 
serves the purpose of joining different runs of conduit, tubing wireway or 
raceway, and provides space for the connection and branching of the 
«aclosed conductors. 

Knockout * — ^A knockout is a portion of the wall of a box or cabinet so 
fashioned that it may be removed readily by the blow of a hammer at the 
time of installation in order to provide a hole, usually circular in shape for 
the entrance of wires or the attachment of conduit, cable, etc. 

Mains * — A main is any supply circuit to which other consuming circuits, 
sub-mains or branches, are connected through automatic cutouts (fuses 
or drtniit breakers) at difEerent locations along its length. An energy oon- 
stiming device is never connected directly to a main, a cutout is always 
beinginteiposed between the device and the main. 

Mains (Interior Wiring )* — Mains are the conductors extending from 
the service switdi, generator bus or converter bus to the main distriburion 
center. 
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Service Caf»ductar $* — That portion at the supply conductors wUdi 
extends from the street main or duct or from transiormers to the service 
equipment of the premises supplied. For overhead oonductm tfaisiodoto 
the conductors ftom the last Ime pole to the service equipment* 

Service Equipment . — The necessary equipment, usually consisting of 
circuit breaker or switch and fuses and their accessories located near the 
point of entrance of supply conductors to a building and intended to con- 
stitute the main control arid means of cutoff for the supply to that building. 

Service (Master ). — master service is a service supplying the service 
equipment whidi supplies a group of buildings under one management. 

Pull Box . — puU box is a metal box with a blank cover which is inserted 
in a run of conduit, raceway or tubing to facilitate pulling in the conductors, 
or which is installed at the termination of one or more runs at conduit, 
raceway tubing or wireway for the purpose of distributing the ccmductors. 

Direct Current Wiring 

By direct current wiring we generally mean a system of wiring 
in which the current flowing in the wires is supplied by means 
of direct current generators, rectifiers or batteries. 

Direct current although occasionally found as a source of 
power and light in industrial plants is not used to any large extent 
except for dectric railroad operation where the third rail system 
of power distribution is being used. Other locations where direct 
content has found employment is in metal refinery and dectro- 
plating iMTocesses and also in certain industries whm dose re- 
lation of motOT speed is required. 

Tbe posaUlity of obtaining a wide range of speed adjustment and nuun- 
tenanoe of neatiy constant sp^ relations makes the direct current motor 
useful particularly in reversing steel mill drives and othw locations vAete 
ckMe ^eed regulation is necessary. 

Wiring Systems. — There are two wiring systems in general 
use for direct current work. They are: 

1. Two wire, and 

2. Three wire systems. 
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Tbe source of eliMtrical supply may be a central or an is d atied 
plant. The greatmr part of interior wiring is dbne on the two> 
wire system, the three-wire system being used {vimaxily for 
feeders and mains. 



Jho. connectioit diasimm oi two-wire direct cumot fenamter piwtoetod hf 4 

■ingle pole di^t bieeloBr. 


IXrect current three-wire systems usually em{doy a three- wire 
generator with an external balance cod, although ins te ad tit one 
balance coil two such coils are sometimes used. La It sy s te m cl 
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this type the center tapped balance coil or coils act as a neutral 
and is therefore usually referred to as the neutral or third wire.. 



With the direct current three wire system, the neutral wire is 
generally made of the same size as either of the two outer wires. 
The reason for having the three wires of the system of the same 
size is because if one of the outer fuses should bum out, one stda 
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of the s}rsteffl would be loaded while the other wire would have 
no current flowing. Where a grounded neutral has the same area 
or cross section as either of the outer wires, the fuse is generally 
omitted. 



When desicninff a three-wire distribution system some dSoit dould be 
taade to arrange the load so that the unbalanced current be kept at amini- 
imim, and in any event not to exceed 26% of the full load current flowing 
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la tlia outer wires* Motors ttoless vecy small, are generallv contieetod 
across the outer wires, and will therefore reoave approxhiiately twice the 
woltage of Ihe lamps, whidi are connected across one of the outer wires and 
tfaeneat^. 



Fig. 6373.— Tjrpical oonnection dwffram of balanoer let opented in connoction with a twi>*wite 
Sanetator to supply a three-wire mrect current system. On a balanced load both 
ecmstituting the balancer set run Ughi aa motors, but with an unbalanced load one 
funs as a motor, thus driving the other machine which runs as a generator, since they axe 
xnechanicaUy as well as electrically connected. According to Code requirnMnis, two 
wise generators used in conjunction with balancer sets to obtain neutrals for three^wire 
•ystems shall be equipped with overcurrent devices which will disconnect the threowixo 
system in the case of excessive unbalancing of voltages. 



Pip. 6374« — Th re e - wire direct current system at distribution. When the saspe number of 
lampe ^ mual else be oonn e c ted in the manner shown, them will be no euiseni tow k the 
neutxal wi^ 
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TO 120 VOLTS 
aC. SOURCE 


IM. MTS- Ohowhn pamtat Mhiaw of wiring tor tww^wln tyma. 
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Fiq. 6376* ■ Se ri es lamp system of distribution. A system of this type is used for lighting 
chiefly in certain railroad operations where the lamps are connectea directly between the 
third rail and negative conductor. Tlie difference in pressure between any two points in 
the circuit is equal to the lamp voltage, (about 120 volts) multiplied by the number of lamps 
in the circuit. The obvious disadvantage in using a system of distnbution of this sort is 
that if one filament bums out the whole circuit will fail (since all lamps are connected in 
series) in addition if the circuit becomes grounded between any one of the lamps, the lamps 
will receive an excessive voltage usually ending in failure of the filament or filaments* 



TO 120 VOLTi 
OX. SOUWt 


2*mE 

cmcuir 


2*WlfK 

ciftcuir 


Pig. 0X77 .--Showing typkOl lamp connection to a distributton panel supplied &ott » twcMfriii 
direct current source. 




FiQ* 6jB7#wShoiring typical switchboard wiring for paratlsl opermtioii of two diiwct ouxtwal 
gcnoiwtofi* Aocording to Cods reQu irsmon ts , thrso^wiro direct cunont gieoeratot8« w n etncr 
nr ahrnit armintl , shall bo eQuipped with ovofCttiTsitt dovioeSf one in each aitni^iin 
lead, nitd eo coonocted as to be actuated by the entire current from the 
p f ercuriea t devices shall consist either of a double-p^* dwiWe-coil drc^t breaker^ or at 
n lourwpole cimut breaker connected in the main and eguahsm iMds and^pped b y two 
pverc u rrent devices, one in each armature leed. Su^ prote^im Bevkeej^l^^ 
fodmd t^t no one pole can be opened without siinult a n eoudy d is co p u a ctiag both leeoi of 
the annatuie from the system. 







Wlims AND WIRE CALCULATIONS 


3,011 


Load Genter. — ^The load center of a circuit is that point at 
fThich it can be assumed that the total load is concentrated. 
Thus the load center of a group of equally spaced motors or lamps 
each of the same size will be at the middle of that group as shown 
in fig. 6,880. 

To determine the load center of a group of appliances of un> 
equal size and spacing proceed as follows: 

1.. Multiply the current taken by each appliance, by its 
distance to the point of distribution or mains. 

2. Add all the products thus found and divide this sum by 
the total current of the circuit. 

A typical example showing the method used for determination 
of the load center of a circuit is shown in fig. 6,881. 



Fid. O^Sl.-^IIlintniting method of ealcuUtsngload center dbUooe of a drcuit having tmeqpnl 
loadft ansymmetfically epaced. With reference to text calcuUtton for the above dreoH 

fe R$ lollowii Number of ampere feet for the complete load »100X90-f 140Xd04-16AX30ei 
4130. The total amperage of the arcuit or 173, Tha diitanoe In leet from 

the twitch terminal waO^ieO/nO or 123.24 feeU 
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Conductor Economy. — In interior and exterior wiring in- 
stallations it is often necessary to increase the conductor sisse 
beyond that which is required by the National Electrical Code 
because of economical considerations. Obviously any conductor 
selected for a particular installation must fulfill the requirements 
of mechanical strength and caiT3ring capacity and the voltage 
drop must not exceed practical limits. 

In most cases one of the foregoing requirements will determine 
the size of the conductor. It may be well, however, also to 
consider the power loss (I®R) which calculation may indicate 
that it will be desirable to use a larger conductor than contem- 
plated because of the cost of the power wasted due to the ex- 
cessive resistance in the conductor. 

It has been laid down as a general rule, that for the trans- 
mission of any given amount of energy, the most economical 
conductor is one having such a resistance that the value of the 
energy wasted in heat annually is equal to the interest per annum 
on the original outlay upon the conductor. This rule is known 
Kelvin's Law. This law is also frequently stated as follows: 
The most economical cross-section of a conductor is that for which 
the annual cost of energy wasted is equal to the interest on that portion 
of the capital outlay, which can be considered proportional to the 
weight of copper used. 

Stated mathematically the cross-section of the most economical 
conductor is: 

A - 5931 / - ii— circular mils /I) 

y c Xp 

Where I » current in amperes for (h) hours per year. 

Cl ~ cost of electrical energy in dollars per KWH. 
c — cost of wire in dollara per pound. 
p "• annual percent interest on capital invi^ted in UiM 
wires, including depredatbn and taxes. 
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Wlrii^ Cklculatioii. — Because of its favorable dectrical and 
mechanical characteristics copper is nearly alwa^ used as a 
conductor for both exterior and interior wiring. Every condue* 
tor offers a certain amount of resistance to the flow of current 
and this resistance varies directly as the length of the conductor, 
and ihversdy as its cross-sectional area. 

Therefore, if a length of a conductor be known and its cross* 
sectional area as well as the conductivity of the material, its 
resistance may easily be calculated. Accordingly, the resistance 
of any conductor is equal to its length in feet multiplied by its 
resistance per mil foot, thus: 


Resistance in ohms 


or briefly. Ohms 


I^gth in feet X Resistance per mil foot. 
Circular mils 

Feet X 10.8* 

Circular mils ^ 


If letters be used, we obtain the customary formula for a two 
wire circuit; 


Where R 
L 

A 


R 


L X 21.6 
A 


( 3 ). 


resistance in ohms. 

Length one way or the single distance of tiie c i r cuit 
in feet. 

cross-sectional area of conductor m circular mils. 


*NOTB 1. — The resistance of a circular mil foot of commercial cop^ (a wire one foot in 
Imgth having a cross-sectional area of one circular mil) is luually quoM at from 10.6 to U 
ol^s per mil foot at normal temperatures. For practical wiring calculations 10.8 otm POT 
mil foot is sufficiently accurate to give an acceptable result. 


note a.— In conntriM wjfw thn meter lyetem to beiw nwcl. tbe.ree^noe ^alm fct 

eommerctal copper is quoted as 0>017A ohm per meter, when the cross-sect 
Owtor is one ^uare millimeter. The fcwmula for resistance in oluns of a i 
» m meters X 0.0175 

* Area in square millimeteis 


^ a comple t e drouit, we obtain: 

» «. ^ ^ fo mtwi X 0.0178 

* Aroa k sQuaie millaiiutm ' ‘ 



3,014 


WIRBS AND WIRE CALCULATIONS 


Effe^st of Resistance. — The effect of resistance to an electric 
current is to cause a drop in voltage, and the energy lost in over- 
coming this resistance appears in the form of heat. Now, ac- 
cording to Ohm’s law, 

Volts = Amperes X Ohms (4) 

With the assistance of the foregoing expression the voltage drop in any 
direct current drcuit may readily be obtained. Thus, for examfue, if the 
circuit carries a current of 200-af»ip. and the total resista n ce be say 0.0S6 
ohm, the voltage drop 200X0.035 or 7 volts. 



Pioa* e«882 to 6,884. — Showing greatly enlari^ viewa of circular mil and aquare mil. Pig. 63S4 
indicatea relative aiae ol the two unite. 


|<e RESISTANCE 10.8 OHMS ^ 

_1 

a 



“T 

^ 1 FOOT IN LENGHT ► 

0.001 


DIAMETER 

Pig. 6.886. — ^llluatrating dimenaioaa and as>proxtmate reaiatance of one circular ttlMoot 
of oopper. 


By substituting in (4) the value for the resistance in duns as 
obtained in (2) we have 


V Amperes X Feet X 10.8 
^ Circular mils 


(S) 
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If the customary symbols be used, we may write, 

A 

Where E is the voltage drop, I the ciarent in amperes and A 
the cross-section of the conductor in circular mils. 

In the foregoing formula therefore E means that the volts lost, or 
between the beginning and the end of a circuit is equal to the current flowing 
thmugh the circuit multiplied by the product of the conductors' length in 
feet, multiplied by the resistance of one mil foot of wire, divided by the 
area of the ccniductor in circular mils. 


Since the length of the circuit is given as the “run*’ or distance 
one way, that is, one half the total length of wire in the circuit, 
formula (6) must be multiplied by 2 to get the total drop^ therer 
fore we may write: 

^ / XL X 2 X 10.8 I XL X 21.6 

^ A A <’> 


If equation (7) be solved with respect to the wire size in circu.' 
lar mils, we have 


, I XL X21.6 
'*■ E 

(8) 

amaarlyj - 

W 

and L » ^ ^ 

21.6 X/ 

(10) 


Where it is derired to have a working formula for ATUusips eadi 
of which requires I amperes, we obtain 
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A 


21.6N XI XL 
E 


ai) 


If on the other hand, it is desired to find the number of lamps 
which a given size of wire will supply with a given voltage drop, 
another formula may be written as follows, 


— 

21.6 XL Xl 


( 12 ) 


It should be remembered that all of the foregoing formulas apply to 
direct current heating appliance and lamp circuits only. In the case of 
calculations for direct current motors, the formulas should include provision 
for overload current and efficiency of motor as determined by the National 
Electrical Code, 


Power Loss Calculation. — If it be assumed that 10.8 ohm 
is the resistance of a circular mil foot of copper wire, the power 
loss in watts in any electrical copper conductor may be found 


thus: 


P = 


10.8 X P XL 
A 


(13) 


Where P is the power loss in the conductor in watts 

I is the current in amperes flowing in the conductor. 
L is the length of the conductor in feet (one way). 

A is the area of the conductor in circular mils. 


For a two wire direct current circuit, we have: 


P 


21.6 XP XL 
A 


(14) 


Where the resistance of circuit is given, the power loss in watts 
may be obtained from the expression: 

Power loss in watts ■■ PR 0£) 
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Direct Current Motor Circuit Calculatlon.—With respect 
to direct current motors* the Code requires each motor to have a 
name plate with the name of the manufacturer, capacity in volts, 
current in amperes, horsepower ratings and the normal speed in 
revolutions per minute, etc. In calculating for such motors it is 
only necessary to take the efficiency of the motor and the overload 
into consideration to arrive at an acceptable value for the re« 
quired wire size. 

The formula for the size of wire in circular mils necessary for a 
direct current motor rated in horsepower will therefore be as 
follows: 

, HP X 746 XL X 21.6 X 1.26 

A * = rr-: (16) 

E xEi X efficiency 

Where HP is the rating in horsepower of the motor; L, distance 
in feet to the motor; E, voltage drop; E^ terminal voltage. The 
overload factor is here taken as 1.26 since branch circuit conduc- 
tors supplying an individual motor must have a carrying capacity 
not less than 125 percent of the motor’s full load current rating. 
For long runs, it may be necessary in order to avoid excessive 
voltage drop to use conductors of sizes larger than obtained by 
the foregoing formula. 

Calculations of direct ciurent circuits may be made directly from the 
foregomg formulas, although in practice, voltage drop tables and curves 
are usually resorted to in designing of conductor sizes. The following 
esamples will serve to illustrate cal^ation procedures* 

IBxampte,^A copper transmission line 1.5 miles in length is used to trans^ 
mU 10 kUowatts from a 600 voU generating station. The voUagp drop in the 
Ume is not to szceid 10% of the generating station voUage, 

CsUeuktte 

(a) Line current. 

(5) Resistanoe of the line* 

(c) Cross-section cl wire* 
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Sokition^ — (a) line curreat Jl • “* 16,67 amp. Ami* 

Voltage drop » 600 X 0.1 » 60 volts. 

(b) Resistanoe of the ^ 


16.67 

Substituting the foregoing values in fonnula (3) we obtain 
5,280 X 2 X 1.6 X 10.8 
3 ^ 


3.6 ohms. Am* 


3.6 


W ^ . ».a»><sxio^ . O.M. 


The nearest size of wire having an area equal to or greater than this is a No* 8 
wire and this should be used. (See table page 3,073 ) . 


Example* — A certain wiring scheme requires a circuit 50 feet in length 
which is to be made uf of a No. 10 wire* The current is 35 amperes., CederP 
late the voltage drop tn the circuit. 


Solution* — Substituting the values in fonnula (7) we obtain: 


o 


36 X 21.6 
10;380 


*■ 3.6 volts. Ans, 


Example* — What sire wire should be used on a 250~volt circuit to transmit a 
ctarent of 200 amperes a distance of 350 feet to a center of distribution^ wiSk 
a loss not to exceed 3% under full load? 


Solution* — Substituting the given values in fonnula (8) we obtain » 


200 X 350 X 21.6 


201,600 C.M. Ans. 


0.03 X 250 

The nearest size conductor having an area equal to or larger than this Is a 
0000 conductor. 


Example* — A two-wire circuit is to carry a load of 60 amperes a distance 
of dOO feet with a permissible voltage drop of £.5 volts. What siee of conductor 
musibeused? 


Substituting our values in formula (8) we obtain, 

A - »xy «■» . n,A«> cm: a,.. 

nearest size conductor having an area equal to or larger tiban this It a 
W.G. which should be used. 
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Exarnpte^*^I$ is desired to connect 80, incandescent lamps on 

a 110 volt circuit. The distance from the mains to the center of the lamp group 
is 200 fe^. What site wire is required if a maximum voltage drop of two 
veUs he permUtedf 


Solution * — Since each lamp takes 50 watts, the current flow is 50 X 
or 86.36 amperes. Substituting the given values in formula (8) the size oi 
wire is found to be; 


A 


21.6 X 36.36 X 200 
2 


78,538 C.M. Ans. 


The nearest size of wire having an area equal to or greater than this is a 
No. 1, and this should be used. ^ 


Example* — A combined lamp and heating ap^iance load requires 70 
kilowatts. The distance between the load center and ike distributor pond is 
250 feet. The voltage at the distribution panel is 230 volt and it is desired to 
keep the voltage drop within 2%. What sise conductor is required? 


Solution * — The current flow is 70,000/230 or 304.3 amperes. Applying 
formula (8) the size of the conductor is found to be 


A 


304.3 X 250 X 21.6 
0.02 X 230 


357,550 C.M. Ans. 


The nearest size of conductor having an area equal to or greater than this 
is a 400,000 circular mil cable. 


Example* — A 20 kilowatt balanced lighting load is to be supplied by a 
threc-wire 115/230 volts generator. The length of the run between the generator' 
switchboard mains and the lighting load center is 250 fett. What size of 
conductor should be used if maximum voltage drop permitted is 2%f 


Solution * — On a balanced three-wire system the current in eadi of 
the outer conductors would be 20,000/230 or 87 amperes. The permissible 
voltage drop is 0.02 X 230 or 4.6 volts. Substituting our values in formula 
(8) w conductor size is found to be 


A 


87 X 250 X 21.6 
4.6 


102,130 C.M. Ans. 


The nearest size conductor having the required area is No. 1/0, stnoe 
No. 1 conductor has an area of only 83,690 circular mils. 


Example* — It is required to calculate the voltage drops on an unbalanced 
direct current three-wire circuit having the following data: Lengtit of drcuit 7S6 
fret; Positive and negative conductor each No. 000 A.W.G. Neutral conductor 
No. 1 A.WJGf* The pesiHve and negative conductor carries 125 and 
omperes respeahkely. 
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Sotuthn* — With reference to table giving ^pertiee of copper oonduo* 
tore (page 3^073 obtain the resistance of 1,0(X> feet ol No. 000 » O^OOtS 
ohm and that of No. 1 0.120 ohm per 1,000 feet. 

The respective voltage drops are calculated as foUows: 

£ - /Je - 126 X 0.0642 X 0.76 • 6.02 volts 
(drop on positive conductor). 

Jg - 7£ « 100 X 0.0642 X 0.75 » 4.82 volts 
(drop on negative conductor). 

£ - /£ - (125 -100) 0.129 X 0.76 « 2.42 volts 
(drop on neutral conductor). 

In a voltage drop calculation of this type the voltage drop in the neutral 
conductor is added to the drop on the side having the larger current and 
subtracted from the side having the smaller current, thus making the total 
voltage drop 6.02 + 2.42 « 8.44 volts on the “heavy" side, and 4.82 — 
2.42 » 2.40 volts on the “lighter" side. Ans, 


Example* — CakakUe Ike conductor siu required to connect a direct current 
motor rated at 50 amperes^ when the supply voltage is 230, the circuit lengjth is 
50 feet and the voltage drop 4 volts. 


Solution , — By appl 3 dng formula (8) we obtain 
. 50 X 50 X 21.6 


13,500 C.M. Ans. 


Since a No. 10 conductor contains only 10,380 circular mils the next larger 
size or a No. 8 conductor should be us^. 


Example, — What is the approximate number of amperes drawn by a 
30 horsepower direct current motor having an efficiency of 90% when connoted 
to a 230 volts source? 


Solution , — The current drawn by the motor is 
- Horsepower X 746 30 X 746 

Impressed voltage X Efficiency ” 230 X 0.9 “ amperes. 

Example, — A 25^h.p, 2SO-voU dx. motor is to be supplied with power 
from a switchboard bus located at a distance of 75 feet from the motor. Ths 
Hne drop is not to exceed 5% of the receiver voltage, when the motor is ddioering 
fuU load at 86% efficiency. 

Calculate 

(a) Cross-section area of feeder in C.M, 

(b) Kilowatts supplied to switchboard. 
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Soiufton. — The current drawn by the motor is 

T B 25 X 746 „ 94 3 nmnrmi 
■* 230 X 0.86 ““P*"** 

The voltage drop in the oonduetors 

E « 0.05 X 230 11.5 volte. 


(a) Crose-sectional area of conductors 


A 


94.3 X 75 X 21.6 
11.5 


13,300 C.M. Ans. 


(t) Power supplied at switchboard 

„ 94.3 X 241.6 .... 

Fs * Togo * 22.77 kilowatts. Ans, 


Example. — Determine the power loss in a circuit 80 feet in length consisting 
of No, 1 conductors when the current density is 75 amperes. 


Solution — ^Applying formula (14) the power loss is, 


P 


21.6 X 75* X 80 
83.690 


116 watts 


Example. — What size wire should be used for a 20 horsepower 220*volt 
ptotor having an efficiency of 90% when the length of the circuit is 80 feet and 
the drop 2 voUs? 


Solution . — Applying formula (16) with proper constants, we obtain. 


A 


20 X 746 X SO X 21.6 X 1.25 
220 X 2 X 0.9 


81.400 C.M. 


The nearest standard size conductor is a No. 1 A.W.G. which has an area 
of 83,690 circular mils. 


Example. — What is the proper size of wire for a 10-fc.^., T20-voU motor 
having an efficiency o/ 90% when the length of the circuit is 200 feet and the 
mt^mum allowable voltage drop is 2%? 


Solution . — Substituting the given values in formula (16) we obtain, 


10 X 746 X 200 X 21.6 X 1.25 
220 X 4.4 X 0.9 


46,240 C.Me 


The nearest size conductor having an area equal to or larger than this is a 
Mo. 3 conductor and this should to used. 
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Alternating Current Waing 

Alternating current wiring differs from that of direct oirrent 
mainly in certain effects which must be considered and which do 
sot enter into direct current calculations. They are: 

1. Inductance { 

2. Capacity. 

8. Skin effect. 

4. Frequency. 

8. Power factor. 

For interior wiring where incandescent lamps are fed by an altematine 

cunent, none of the forgoing factors needs consideration, sinoe mutual 

inductance, capacity and skin effect are so small as to be almost negli^ble. 

Therefore, in lamp wirmg the previously given formulas may be applm to 

alternating current as ww. 

Self-Inductance. — Sdf-inductance is the property of an elec- 
tric circuit which determines, for a given rate of current change in 
the circuit, the electromotive force induced in the same drcult. 

Mutual Inductance. — Mutual inductance is the common 
property of two associated electric circuits which determines for a 
given rate of current change in one of the circuits, the dectro- 
motive force induced in the other. 

Capacity. — ^In a S]^m of more than two conductors a vdtage 
deference between them otrresponds to the presence of a quantity 
of dectricity in each. All alternating current circuits have a 
certain capacity because each conductor acts like the plate of a 
cmdenser, and the insulating medium acts as a didectric. The 
capacity between two ot more conductors d^tends upon the in- 
sulatimi of each 
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. Skin Sfiect. — Skin effect is the phenom«ion of non-nsufcsrm 
GXtftenli Retribution over the cross-section a conductor caused 
by the variation of the current in the conductor itself. The 
tendency of an alternating current to confine itself to the outer 
portions of the conductor has the effect of increasing its ohmic 
reristance. 

If the conductor be lai^. or the frequency i^h, the central portica 
ol the conductor carries little if any current, hdice the resistance of a 
conductor is greater for alternating current than for direct current. 


Frequency. — The frequency of an alternating current ut 
ordinary light and power circuits depends upon the construction 
of the generator (number of poles) and the revolutions per minute 
(speed of the machine). In the United States the commercial 
frequency is usually 60 cycles per second, although certain power 
systems are designed for 25 and 50 c.p.s. The number of cydee 
per second has a direct effect uppn the inductance of the circuit. 

Power Factor. — The power factor is the ratio of active power 
to apparent power. Where the load consists of incandescent- 
lamps only, the power factor is unity or one hundred per cent. 
In all alternating current circuits having an inductive load, su<R 
as fluorescent lamps and motors, dlowance must be made for the 
power factor because of the inductive characteristic of this type 
of load. 

Voltage Drop (Li^tliit Load Only). — The maximum volt- 
age drop to the lamp in a well designed lighting system, should 
rtot exceed three per cent. Many designs limit the drop to tyro 
per cent or less. If, on the other hand, the illumination is not 
used for worir, and if economy demands it, voltage dn^ of five 
per cent or more, may have to be allowed. 
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The fluctuations at the service and the additional lowering of the service 
voltage due to regulation of the service transformers (where employ^} 
by any connected motor loads to the same transformers must also be t^en 
into account when deciding the maximum value of the permissible voltage 
drop. 



6.M .-'-General Electric ax. reduced voltase autotransformer type atMtw fof Seeifffd 
cage induction motofi. This oompomator contteU principally of an gufstnuMKQfiiiaft a 
manually operated aet of contacta, and a tempeimtura overload relay* 
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Voltage Drop (A.C. Motcws Only). — ^Por feeders serving 
power loads only it is necessary to consider the behavior of the 
alternating current motor at reduced voltages. Roughly, the 
full-load current of an induction motor varies inversely with the 


3-phQse 

mofor 


If solenoid broke 
is used, cormecf ' 
per dotted tine 


Undervoltoge ooH- 

Tbmperoture 

overlood relay 

Stop^reset button- 


Running contocts ± 
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Moyoble contacts — p* 
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^ (front) T 
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FiO. e.887.--WiflnK diagram of General ElectHc ox, reduced voltaae autotmnrfortww Wptt 
for •quttiel cage induction motors. Gyrations With reference to fig. 6 386. wneo 
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vtdtage; both the starting torque and the poU-Out torque vftiy. 
directly with the sqtiare of the voltage; the slip at a given load 
varies about inversely with the square of the voltage. 

The reduction of terminal voltage at the motor has very little 
effect cm. the speed; it increases the current (and thereby the 
calculated voltage drop also) and coniaderably reduces the start- 
ing and pull-out torques. Where these torques are not of prime 
importance, as with fan and pump drives, the values of voltage 





Wm* magnetic mctm* eterter with eovm opiii* The odW ^ iltt 

iMafteri* so int«rloclped with the safety switch handle that the enver cimiKit 
wealcty Bwit^ ta in the ea positioiit nor can the safety ewiteh he nloaed ivhen tie ebfMs 
,^^pett^ Tmsaimngggitpgeieidespmtectk«fofthemet«"»*^«**»*«‘*^fFftnff 


wmMs Am> WIRE cAzcm^riaMs 




dlro|) Tvithin certain limits is mostly subject to economic coo^dexa<' 

tkm. 



Motor 


dUgrmm tor a^. magnetic motor ttartor shown in fif. 6,888. TUo tfeftftar 
in addition to the two-element temperature overload relay incorporate foctii^ le rem^ 
oontfol operation by means ^ a push button station when desir^. OyporwtiOiU Aesombig 
the siorMlop push button be used with the sUrtor . pm^ng tte stori button close the 
tonUotor, and the conneete the motor to the line. The mote is dieopimectod tiptA the m 
bypushingtitosi^hut^ Iheactionof theentactorisentrolieabymeansaiaiinpenat^ . 
lereoB ineoipoipted in the motor starter. XMrectly across-the-lme starters of this typo isp 
S^y limited in^se toahout 25 h.p . an the lower vdlt^ ranm (UOto 220 v^te) heiMto 
SrSMmlmHtte-vidtegeductuations encountered .-"CcsariteyCesroIjRlsciir^l^^ , 
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In any circuit the loss in percentage, or 

%loss = : ^ 

from which impressed pressure 


X 100 


drop 


% loss X impressed pressure 
100 


( 2 ) 


Substituting equation (2) in equation (1) 
amperes X feet X 21 .6 

circular mils 

100 


— X X 2,160 

% loss X imp. pressure 

Equation (3) is modified for calculation in terms of watts as 
follows: The power in watts is equal to the applied voltage 
multiplied by the current, that is to say, the power is equal to 
the volts at the consumer's end of the circuit multiplied by the 
current, or simply 


watts «= volts X amperes 

from which 

watts 

amperes ** — ; — 
volts 


watts 

ctamlarmil. - ^ Xt”t><_a,160 
% loss X volts 

watts X feet X 2,100 
" % loss X voltt* 


(4) 
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Tliis formula (5) applies to a direct ctErrent two Mnre circuit, 
and to adapt it to any alternating current circuit it is only neces* 
sary to use the letter M instead of the number 2,160. thus 


drcular mils 


waits X feel x M 
% loss X Tolls^ 



in which M is a coefficient which has various values according 
to the* kind of circuit and value of the power factor. These 
values are given in the following table: 


VALUES OF M 


SYSTEM 

POWER FACTOR 

1.00 

.98 

.95 

.90 

.86 

.80 

.75 

.70 

.65 

:60 

Shigle phase 
Tm phase 
(4 wire) 
Ttmph^ 
(3 wto) 


2,249 

1,125 

1,125 

jm 

1 

1 

1 

1 

y&jj 

5,112 

2,556 

2,556 

1 


It must be evident that when 2,160 is taken as the value of M, 
formula (6) applies to a two wire direct current circuit and also 
to a single phase a.c, circuit when the power factor is unity. 

In the table, the value of M, for any particular power factor is 
found by dividing 2,160 by the square of that power factor for 
single phase and twice the square of the power factor for two 
ph^ and three phase. 


Ubto it calculated at followa: For ainple pibm M m S,16<k •¥ potrar 
“ “ tSft; ter iwophM0 four wire, .or three ttm wue, M • 

Thiiii the vidue of M for a iliiglepbata^ie with power factor JS « 2,160 ^ 4MF 
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For ordinary calculations however, it is customary to use tables 
which take into account such factors as wire spacing, power 
factor, frequency, etc. Accordingly in order to determine the 
voltage drop of an alternating current circuit, the following 
formula may be used: 

Voltage drop =* — X S (7) 


VALUE OP **8” POR M CTCtBS 



Where the % loss is a percentage of the applied power, Uiat k, 
the power delivered to the motor or apparatus and not a per* 
centage of the power at the a.c. generator; £, is the vottf^te gt 
the consumers end of the circuit. The coefficient 5, has varkme 
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values as given in the accompanying table. These values are 
substantially true for transmission lines having a length of up to 
20 miles and for voltages up to 25»000. On longer lines, due to 
the capacity effect the voltage drop will be somewhat inaccurate. 


Current Calculation. — As previously stated, the effect of 
power factor less than unity, is an increase in current, and con- 
sequently a conductor of somewhat larger capacity is required 
for a lower power factor. 

For single phase alternating current, the current flowing at the 
motor terminal, is: 


, HP X 746 

j --J ■■ " ■ — - 

E X Power factor X Efficiency 
Similarly for a two phase motor 


y _ HP X 746 

2 E X Power factor X Efficiency 

and for a three phase motor, the current 


( 8 ) 

( 9 ) 


HP X 746 

1.73 XE X Power factor x Efficiency 


( 10 ) 


Motor Horsepower. — Motor horsepowers may conveniently 
be calculated from instrument readings when desired. The 
formulas are as follows; 


D.C. Motors. 


HP 


Volts X Amperes X Efficiency 
746 


Single phase A.C. Motors 


HP 


Volts X Amperes X Efficiency X Power Factor 


ai) 

(W) 


746 
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HP 


Two phase A.C. Motots 

Volts X Amperes X Efficiency X Power Factor X 2 
“ 746 


( 18 ) 



Three phase A.C. Motors 


HP 


Volts X Amperes X Efficiency X Power Factor X'1.78 

746 
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POm^r supply 
LI LSLZ 



F»s. 6.801.— 'Wiring diagram for ax. magnetic reversing motor starter shown in fig. 6«80<L 
Op9r4itlont When the forward button is depressed contactor F closes and applies power to 
the motor. A holding circuit for the coil of F is established around the foreward push button 
by auxiliary interlock F. The motor continues to run until shut down by depressing the 
flop button, by tripping of the overload relay, or by power failure. Pollomng an overload 
condition which causes relay OL, to trip, it is necessary to reset the relay contact by hand 
bdforo the motor can be restarted . Operation of the motor in the reverse direction is obtained 
by the reverse buttim. The back, or normally closed contacts of the directional push-button 
units are used for electric interlocking and prevent the coils of contactors F and R being 
energised at the same time. With this arrangement it is also possible to reverse the motor 
direct from thofcrmard and reverse button, without first operating the stop button 
CmereiBhxiricOi. 


Rxmiple* — Whit siu wirt must be used on a singte phase circuit 2,QW 
h in knm to supply 3 km. at 220 voUs vfith a loss of 4%; Ete pmer factor 
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SoiuAlon^^lns&cting values in formula (6) we obtain: 


Circular mils 


3,000 X 2,000 X 2,660 
4 X 220* 


82,438 


With reference to wire table (page 3,073) the nearest latter wire size x8 No. 1 
A.W.G. which has an area of S,6d0 dr. mils, and this should be used. 



Fm. 6,802. — Typical automatic primaty resistor motor starter with front cover removed.--^ 
CovfUsy Ctnerw Eluiric Co, 


Example* — A 50 h.p. 60 cycle single phase 440 voU induction moior* 
hating a full load efficiency of 92% and a power factor of 80% is to he operam 
at a distance of 1 ,000 feet from the alternator. The wires are to be spaced 6 tu* 
apart and the voltage drop is 5%. 


Calculate* — (a) Electrical horsepower; (b) Watts; (c) Apparent load; 
(4) Line current; (e) Size of wires; (f) Voltage drop; (g) Voltage at the 
^temator. 


Solution * — 

/ \ ^ it. Brake horsepower 50 

(a) Etoctncalhonepower - — 


UJi Am. 
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(ft) Wtttta - M.a X 746 - 40,608 Ans. 

WAa—ti-d . . ia™ . to. 
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(i) Lme curreat 

(e) Size of wires. Cir. Mils 
Watts X Feet X M 
% Loss X Voltfi* 


Apparent load 50,635 _ 4 ^. 

Volts * 440 “ 


40.508 X 1,000 X 3,380 
5 X 440 X 440 


141,443 Am. 


From table (pageSiOTS ) nearest size larger wire is 3/0 A.W.G. which should 
be used. 


y) Voltage drop 


%LossX£ _ e_5X440X1.28 
100 100 


28.16 Am. 


(g) Voltage at alternator « volts at motor + drop — 440 + 28,16 
468.16 Am. 

Example. — A circuit supplying current at 440 voUs, 60 cy^s, wUh 5% 
voUage loss and a power factor of 80% is composed of No. 2 wires spaced one 
foot apart. What is the drop in the line? 


Solution . — SubstituUng the given values in formula (7) and the value 
of 5, as obtained from the table, we obtain: 

Voltage drop * — - * 22 volts. Am. 

Example. — A single phase 50 horsepower 440 volt motor has a full load 
ciency of 90% and a power factor of 80%. How much current will the motor 
draw from the line? 


Solution . — Applying formula (8) a substitution of values gives: 

, 50 X 746 ^ 

^ “ 440 X 0.9 X 0.8 “ 

Example. — A 10 kw. 220 voU single phase motor and light load Has d 
combined power factor and efficiency of 85 and 80% respedwdy. What is 
the current? 


Solution . — With reference to formula (8) page 3,033 we have; 

^ “ 220 X 0.85 X 0.8 “ ■^*** 

Example. — A 25 h.p. three phase induction motor has a fuU had e0h 
ciency of 85% and a powr factor of 80%. How much current wiU Ike meter 
draw from the 220 voU line? 

Solution . — By substituting our values in foimuta (10) we obtains 
J * X gjjp X 0 8 y 0 8 1 ^ ** ^ omp. (approsdmatdy) Awi* 




wims AWD wtm calculations 




Example^ — A 440 wU, three phase indxchum motor draws 40 amp. from 
ike Une, Cdkuiate the motor output in horsepower when the efficiency of the 
motor and power factor are 85 ana 80% respedMy, 


Sotution* — substitution o£ values in formula (14) gives: 


Horsepower 


440 X 40 X0.86 X 0.80 X 1.73 
746 


27.8 Ans. 


Examptom — An industrial load of 450 kUowaUs is operated at a power 
factor of 65%. What will be the rating of a synchronous condenser (eter* 
excited synchronous motor without had) to raise me power factor to 


Solution . — Since the voltage is constant, the kilowatts and quadrature 
kilovolt*4mperes are proportional to the energy quadrature currents te* 
gpecdvdy. In our particular problem the apparent power component is: 


Kva. 

The reactive power component is: 

\/692* 450* 



«*525ibio. 


the power factor raised to 90% the reactive power will be: 


450 

0.9 


500 ^ 0 . 


whi^ will have a wattless or apparent power component of 

— 450* * 218 kva. 

It is obvious that the synchronous condenser must supply the difference 
bf^ween 625 and 218 kva. or 307 kva. A 300 kva. s5rncmonous condenser 
would therefore meet the foregoing requirements. AnS. 

Example. — A direct current motor takes 720.8 amperes at 115 vcUs and 
has an efficiency of 90%. How many horsepower does U deliver? 

Solution . — 

Input to motor » 720.8 X 115 «* 82«892 watts 
Output of motor ■■ 82,892 X 0.9 ■■ 74,603 watts 
fiosmepower (at motor pulley) 


74,603 

746 


100 h.p. (approximately). Atts. 
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TEST QUESTIONS 

1. Name two wiring systems used in direct current 

distribution. 

2. How does a three wire D.C. generator differ from that 

of a two wire generator? 

3. What is the function of a balance coil and how is it 

connected to the mains? 

4. How is a balancer set connected to obtain a three wire 

D.C. distribution system? 

5. What is the disadvantage in employing a series lamp 

system of distribution? 

6. Draw a diagram showing lamp connections to a two 

and three wire D C. distributor panel. 

7. Why is an equalizer connection required for parallel 

operation of D.C. generators? 

8. What is meant by a bad center and how may it be 

calculated? 

9. Define Kelvins law. 

10. What is the meaning of 10.8 as used in wire cal-- 

culations? 

1 1 . Define circular mils. 

1 2. What is the mathematical rebtions between resistance, 

current and voltage in a D.C. circuit? 

13. What is the Ohmic resistance of one circubr mil-foot 

of copper wire? 

14. What is the effect of resistance on current? 
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CHAPTER 98 


Power Wiring 


Wiring of Motors (Code Provisions). — AH motor wiring 
should be performed according to the requirements of theNaiioital 
Electrical Code in addition to existing local Codes and requirements 
in force at the place of installation 

Since the detailed requirements of the Code with respect to 
motor circuits are too numerous to be fully enumerated only the 
basic general rules for motors are abstracted here. 

Fig. 7,360 represents a schematic diagram of a motor circuit 
together with feeder and branch circuit equipment all lettered for 
proper identification. 


{Note A) Feeder Overcurrent Protection. — A feeder which supplies 
motors shall be provided with overcurrent protection which shall not be 
greater than the largest rating or setting of the branch circuit protective 
devioe for any motor of the group (based on tables 26 and 27, pages 3.080 
and 3,081 ) plus the sum ot the full load currents of the other motors of the 
group. 


{Note B) Feeder Coiufucfora.-— Conductors supplying two or more 
motors shall have a current carrying capacity of not less than 125% of the 
full load current rating of the highest rated motor in the group, ^us the 
sum of the full-load currents of the remaining motors supplied by the feeder. 

{Note C) Motor Branch Circuit iConductore. — Branch circuit con- 
duutors supplying an individual motor shall have a current carrying oapsdty 
of not less than 125% of the motor full load current rating. If the arciat 
supplies two or more motors, computation of the conductor sise ^Kndd be 
made in the same manner as that given for feeder conductors. 


(Note JB) Motor Branch Circuit Overcurrent Proieeiiom^tbC 
motor bran<m circuit overcurrent device shall be capable of esrtyiiiK the 
tAMting current of the motor . The Code specihes the maximiim ps^^sllile 
me os M percentage of the full load circuit of the iiiolor« depemBng mm 
lU typOf steritfw method and locked rot<v cmmt. tliase majEiimim vaioes 
ere given in tame a0« pages 3,074 to « 
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Note E) Dhconneeting Meam. — The disconnectii^ means for eadi 
motor and controller shall consist of an indicating type disconnecting switch 
or circuit breaker, having a current carrying capacity of not less thiui 1 15% 
of the motor name plate current rating, and arranged so as to disconnect 
the ungrovinded conductors. 

For motors less than 50 A.p. the switch is generally rated in horsepower 
whereas motors rated at more than 50 h.p. have their disconnecting means 
rated also in amperes. 

The disconnecting means serving a group of motors may be a tangle 
disconnecting switch when driving a single machine or piece of apparatus, 
or protected by one set of overcurrent devices, or in a single room within 
sight of the dimnnecting means. 

{Note F) Motor Running Overcurrent Oevice. — Continuous duty 
motors rated at more than one horsepower shall have a running overcurrent 
protection not greater than 125% of the full load rating of the motor. The 
motor running overcurrent device may be shunted out during starting 
period of the motor, provided the device by which the overcurrent proteo* 
tion is shunted out or cut out cannot be lat in the starting position, and 
the motor shall be considered as protected during the starti^ period if 
fuses or time delay circuit breakers rated or set at not over 400% of the full 
load ctirrent of the motor, are so located in the circuit as to be operative 
during the starting period of the motor. 

{Note Gf) Motor Controller* — controller shall be provided for each 
motor or group of motors as in paragraph (£) above. 

Bach controller shall normally be in sight of the motor and shall be 
capable of starting and stopping the motor which it controls, and for an 
alternating current motor shall be capable of interrupting the stalled rotor 
current of the motor. Controllers generally are rat^ in horsepower. 

{Note H) Secondary Circuit Conductors* — Conductors connecting 
the secondary of a wound rotor alternating current motor to its controller 
8^1 have a current carrying capacity which is not less than 125% of the 
full load secondary current of the motor if for continuous duty* The ca- 
pacity of the conductors between controller and resistor shall not be less 
than 110% of full load secondary current for oontmuous duty motors. 


Motor Circuits 

Tie following general groupings or types of drcoit layouts 
laKnild be followed in wiring cd motors, in order tbat dks iiH^- 
will cotdorta with the requirements of the G9d». 
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In general there are five different types of niotcar wiring as 
fdlows: 

Type separate branch drcuit to each motor from a power pand* 
board or distribution center as illustrated in fig. 7.361. 


MOTOt Morot MOTOft 
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Type A feeder or «uhfeeder may supply all motors with hra^ 
circiats tapped to the subf eeder at convenient points as ttlustia^ in ^ 

7.362. Tn& wiring method is similar to that Mown in fig. 7,361, except 
that the bran^ circuit overcurrent protective devices are nwunted indi- 
vidually at the ijoints where taps are made to Uie subfeeder instead of at 
the branch circuit distribution center. 

Type 3 . — feeder or subfeeder may supply aU motors with branch 
circuits tapped to the subfeeder at convenient points as illustrat^ m fig, 

7.363. Th& wiring method is similar to that shown in fig. 7,362, except 
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tiut no ovorcumut devices are provided to ^protect tiie subfe^er ta^. 
In tlds case l^e motor branch dmiits are oonsidered as originating at the 
controller. 

T0pe 4 » — feeder or subfeedcr may be carried directly to the discon- 
nect^ means or controller for each motor as illustrated in 7,364. In 
all other respects this wiring method is similar to that shown m fig. 7#363. 

Type 5. — group of small motors each having a full load rated current 
not exceeding 6-amp. each may be used on a motor branch circuit protected 
at not more than 15-amp. at 125 volts or 10-amp. at 250 volts, or with 
lamps and other appliances on the 15, 20 and 25-amp. branch circuits, as 
illustrated in figs. 7,365 and 7,366. Motors connected in these circuits are 
required to be provided with running overcurreat protective devices in 
^^ectal cases. 



PW. 73 S 5 .— Layout for tpjM B wiring. In this wiring i oh a in a a 15 -mi#* bmoch dforil ll 
tupidymg tmall moton and other loada* 


*1 

j pBio WRg 

. , 1 * 


\wmm 

•Wfm 

S i 

D 4 

TT 

HEATWQ n 

AfVUMICe dh 


umll motoss (iiotowreAmateiit 


Plo. 74 m 6 .-^Lamtforfffpi 5 iriri&c- Kero a btanoh dteuH tuppllm 

and other loads. 
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Bnmch Otcults.— 'By definitbn a brandi dicuit is that por- 
tkm of the wiring system extending beyond the final overcunent 
device protecting the drcoit. The essential parts of a typical 
motor branch drcuit as pteviouriy described consists of: (a) ^ 
bntnch circuit conductors-, (b) the branch circuit overcurrent devices, 
and (e) the motor running protective devices. These parts of a 
motor cirouit are shown in fig. 7,367. 



Size of Conductors for Motor Circuits 

Branch circuit conductors supplying an individual motor shall 
have a current carrying capacity of not less than 125 peromt 
the mo^ full load current rating; provided that conductors for 
motors used for short time, intermittent, periodic or varying 
duty, may have a current capacity not less than the percentage 
of the motor name plate current rating as shown in the following 
t^le, i^ess the authority enforciag the Code grants special 
pertmsrion for conductors of smaller sise. 
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As noted in the table, the neoessaiy can^ring capacity d conductors depwd 
upontiiedasctf service and upon the rating of the motor. A motor having 
a 15-nainute rath^; for example, is designed to deliver its rated horsepower 
during periods of approximately 15 minutes each, with cooling intervals 
between the opmting period. For long runs, it may be necessary in order 
to avoid excessive voltage drop, to use conductors of larger sixes than that 
found by reference to tables. 



Percentaftes of Name Plate 
Current Rating 

ClBMlflcatlon of Servioe 

5 

Minute 

Rating 

15 

Minute 

Rating 

30&60 

Minute 

Rating 

Con- 

ttnuoua 

Rating 

Short-Time Duty 

Operating valves, raising or lower- 
ing rolls 

110 

120 

150 


Intermittent Duty 

Freight and passenger elevators, 
shop cranes, tool heads, pumps, 
drawbridges, turntables, etc 

85 

85 

00 

140 

Periodic Duty 

Hoists, rolls, ore and coal-handling 
machines 

86 

m 

95 

140 

Varying Duty 






or lower at the discretion of 
the authorities enforcing the 
regulations. 


Wound Rotor Motors. — Conductors connecting the second* 
ary of a wound rotor ax. motor to its controller shall have a 
current carrying capacity, which is not less than 125 per cent of 
the full load secondary current of the motor if for continuous 
duty. For other than continuous duty, these conductors shall 
have a carrying capacity in per cent of full load secondary current 
not less than that specified in the foregoing table. 

Where the secondary resistor is separate from the contit^er, 
the carrying capacity of the conductors between ccrntroHer imd 
resistor Shall be not less than that given in the following tatikb 
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Eaelstor Duty Cla— tOcatton 

' Garrytea capacity of wiro In 
per cent of full load 
secondary current 

Light starting duty 

35 

Heavy starting duty 

45 

Extra heavy starting duty 

55 

Light intermittent duty 

65 

Medium intermittent duty 

75 

Heavy intermittent duty 

85 

Continuous duty 

j 110 


The full load secondary current of wound rotor type motors shall be ob- 
tained from the manufacturers name plate. 

Starters or combined starters and spe^ regulating devices as used in the 
secondary circuits of wound rotor induction motors usually consist of a dial 
type or drum controller with accompanying resistor units which in the case 
of the dial type controller is a part of the controller itself, whereas drum 
controllers have separately mounted resistors which are connected to the 
controller proper according to the manufacturers diagram. 



Conductors Supplying Tmco or More ilfotora.-— Conductofs supplying 
w more motors shall have a current canying capacity of not less than 

e l2D% o{ the full load current rating of the highest ratra motor in the group, 
us the sum of the full load current ratings of the remainder cd the motors 
the group. (See example, page 3,0G7 ) 
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Motor Overcurrent Protection 

The foQowing provisions specify avercurrent devices intended 
to protect the motors, the motor control apparatus and the 
txranch circuit conductors against excessive heating due to motor 
overloads. Continuous duty motors diall be protected against 
overload as follows: 

MotOTB of More than One HorsepowDer^^Por a motor rated more 
diaii one horsepower, this protection sh^ be secured by the use ol one of 
the foUowing means: 

1. A separate overc ur re o t device which is responsive to motor c ur rents 
This device shall be rated or set at not more than 125% of the motor ftdl 
load current rating for an open type motor marked to have a temperature 
rise not over 40C, and at not more than 115% for aU other types of motors* 

2. A protective device integral with the motor wiudi is respondve to 
motor current or to both motor current and temperature. 1ms devi^ 
must be approved for use with the motor which it protects on the ba^ 
that it will interrupt current to the motor when the motor is operated in an 
ambient temperature of 40C and with overcurrent of the perc^tage values 
siven in paragraph 1. If the motor current interrupting device is separate 
£nom the motor and its control circuit is operated by a protective device 
integral with the motor, it must be so arranged that the opening of die 
conUol circuit will result in interruption of current to the motor. 

Motors of Less than One Horsepower . — Motors of one horsepower 
€xr less vdiich axe manually started, and which are within sight fn>m the 
etarter location, shall be considered as protected against overcurrent by the 
overcurrent device protecting the conductors of ttie brandi circuit. 
branch circuit overcurrent device shall, not be larger than that imedfied 
in table 20, page 3,074 except that any such motor may be used at volts 

or less on a b^ch circuit protected at 20 amp. Any such motor whidh 
is out of sight* from the starter location shall be protected as spedded ia 
the following paragraphs for automatically started motoni. 


Any motor of one horsepower or less which is started auUh^ 
mosUcoUy sh^dl be protected agamst overcuirent by use of one of 
the following means: 

1. A separate overc ur rc n t device which is responsive to motor cunent* 
Tliis device shall be rated or set at not more than 125% of the motor full 
load current rating for an open type motor marked to have a temperature 
she not over 40C, and at not more than 115% for all other types of mxHors. 
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% A protodive device ffitogml with the motor which is reBOoiisive to 
motor current or to both motor current and temperature. Hue device 
must be approved for use with the motor which it protects on the baste 
that it will prevent dangerous overheat^ of the motor due to overload or i 
hulure to start. If the motor current interruplhig device is sefvarate from j 
the motor and its control circuit is operated by a protective device integral 
With the motoTi it must be so arranged that the opening of toe ooflimi 
drcttit will result in interruption of current to the motor. 

8. If part an approved assembly which does not normally sobjeel; 
the motor to overioads and which is also equif^ied with other safety controls 
(such as the safety combustion controls of a domestic oil burner) which 
protect the motor against damage due to stalled rotor current. Where 
such protective equipment is used it shall be indicated on the name plate 
of the assembly where it will be visible after installation. 

4. If the impedance of the motor windings is sufficient to prevent over* 
heating due to failure to start, the motor may be protected as previoudy 
stated, for motors of less than one horsepower manually started. 

Many alternating current motors of less than 1/20-h.p., sudb as dodc 
motors, series motors, etc. and also some larger motors sudi as torque 
motors, come within this classification. It does not include split f^iase 
motors having automatic switdies to disconnect the starting windings. 

The secondary circuits of wound rotor (slip ring) oltemating current 
motors, including conductors, controllers, resistors, etc., shall be considered 
as protected against overcurrent by the motor running overcurrent device. 


Ittterndttent and Similar Duty Mot<Mr8. — A motor used for 
a condition of service which is inherently short time, intermittent, 
periodic or varying duty is considered as protected against over- 
current by the branch circuit overcurrent device, provided the 
overcurrent protection does not exceed that specified in tables 26 
and 27 pages 3,080 and 3^081 . 

Any motor is considered to be for continuous duty unless the 
nature of the apparatus which it drives is such that the motor 
cannot operate oontinuou^y with load under any conditions of 
me. 

SKsa oi Protective DeHoea.— Where the rolues epedfied lev 
motor running overcurrent protectimi do not correspond to the 
standard sises or ratings (4 fuses, non-adjustalde circuit breakeca. 
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thermal cutouts, thermal rda3^, the heating elenients of thenhal 
trip motor switches, or possible settings of adjustable circuit 
breakers adequate to carry the load, the next higher size, rating 
or setting may be used, but not exceeding 140 per cent of the 
motor full load current rating. If not shunted during the start* 
ing period of the motor, the protective device shall have sufiScient 
time delay to permit the motor to start and accelerate its load. 


Shunting During Starting Period. — If the motor is man- 
ually started, the running overcurrent protection may be shunted 
or cut out of circuit during the starting period of the motor 
(as shown in fig. 7,369), provided the device by which the over- 
current protection is shunted or cut out cannot be left in the 
starting position, and the motor shall be considered as protected 
against overcurrent during the starting period if fuses or time 
delay circuit breakers rated or set at not over 400 per cent of the 
full load current of the motor, are so located in the circuit as to 
be operative during the starting period of the motor. The motor 
running overcurrent protection shall not be shunted or cut out 
during the starting period if the motor is automatically started. 


Fuses. — If fuses are used for motor running protection a fuse 
shall be inserted in each ungrounded conductor. 


Device Other Than Fuses. — If devices other than fuses ate 
used for motor running protection, the following table shall 
govern the minimum allowable number and locatkm of over- 
current units such as txip coils, rdays or thermal cutouts. 
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Kind of Motor 

Chtopiy fiFtcm 

Number atid locatloii of ovor* 
current unite, such ae trip 
colls, reloye or tbernuU 
cut-outs 

l*phase 
or dx. 

2-wire, l-phase ax. or 
dx., ungrounded 

1 in either conductor 

l^phase aXm 
otdx* 

2-wire, l-phase ax. or 
dx., one conductor 
grounded 

1 in ungrounded cxnb- 
ductor 

l-^fAiaseax, 
or dx. 

3-wire, l-phase ax. or 
d.c., grounded-neutral 

1 in either ungrounded 
conductor' 

2-ph&se ax. 

3- wire, 2-phase a.c., un- 
grounded 

2, one in each i^iasa 

2^phaaeax. 

3-wire, 2-phase a.c., one 
conductor grounded 

2 in ungrounded con- 
ductors 

S-phase ax. 

4-wire, 2-phase ax., 
ground^ or ungrounded 

2, one per phase in un- 
grot^ed conductors 

2^pbaaeax. 

5-wire, 2-pha8e a.c., 
ground^ neutral or un- 
grounded 

2, one per phase in any 
ungrounded phase wire 

S^ptMeax. 

3-wire, 3-phase ax.^ un- 
ground^ 

2 in any 2 conductors 

t-pbBseax. 

3-wire, S-phase a.e., one 
conductor grounds 

2 in ungrounded con- 
ductors 

B-phaae ax. 

3-wire, 3-phase ax., 
groundM-neutral 

2 in any 2 conducton 

Z^phoMeax. 

4-wire, d-phaseli^., 
ground^-neutral or un- 
grounded 

2 in any 2 oonductorSt 
' ezcq>t the neutral 


* 


Number of Conductors Disconnected by Omeurrent 
Device. — Motor running protective overcurrent devices, othtf 
tban fuses or tbermal cutouts shall simidtaneously disconnect a 
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suffideni numb^ of ungrouiufed conductors, to interrupt cuneat 
flow to tSie motor. 

It is recommended that all imgrounded conductors be opened 
if devices accomplishing this are available. 


Motor Controller as Running Protection. — A motor con* 
troller may also serve as the running overcurrent device if the 
number of overcurrent units complies with the table shown on 
pages, O^and if these overcurrent units are operative in both the 
starting and running position in the case of a direct current motor 
and in the running position in the case of an alternating current 
motor. 



Fiq. 7,890. — ^Wiring diagmm showing across the line method of motor starting. The double 
throw switdi is thrown in the lower position at starting, thtia shunting out the running fuses* 
After the motor has attained its normal running speed the switch is thrown in the upper 
position. Tbe switch must be so constructed that it cannot be left in the starting (fit loew) 
nosition. 


Thermal Cutouts and Relays. — Thermal cutouts, thermal 
rdays and other devices for motor running protection which axe 
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not capaUe of opening short drctdts, shall be protected by fuses 
or drcuit breakers of not over four times the rating of the motor 
for which they are designed, unless approved fmr group installa* 
tion, and marked to indicate the maximum size of fuse by which 
^y must be protected. 

Motor running overcurrent devices other than fuses shall have 
a rating of at least 115 per cent of the full load current ratiiig M 
the motor. 

Automatic Restarting . — A motor running protective device 
which can restart a motor automatically after overcurrent trip* 
ping shall not be installed unless approved for use with the motor 
which it protects. A motor which can restart automatically 
after shut-down shall not be installed so that its' automatic re- 
starting can result in injury to persons. 

Motor Branch Circuit Overcurrent Protection 

The following provisions specify overcurient devices intended 
to protect the motor branch circuit conductors, the motor contnd 
c^parattxs, and the motors against overcurrent due to short 
drcuita or grounds. 

Ratings or Setting for Individual Motcvs. — ^The motor 
branch circuit overcurrent device shall be capable of canying the 
starting current of the motor. Overcurrent protection shall be 
considered as being obtained when this overcurrent device has a 
rating or setting not exceeding the values given in tables 26 or 
27 pages 3,060 and 8,081 provided that where the overcurrent 
protection specified in the tables are not sufficient for the start- 
ing current of the motor, it may be increased but shall in no 
case exceed 400 per cent of the motor full load current. Fuse 
ratings calculated on this basis are given in columns 7, S, 0 and 
10, table 20, page 3/174 to 3,077 . 
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Several Motors on One Branch Circuit.— 'Two or more 

motors may be connected to the same branch circuit under tte 
following conditions: 

a. Two or more motors each not exceeding 1 horsepower in rating and 
each having a full load rated current not exce^ing 6 amperes^ may be used 
on a branch circuit protected at not more than 20 amperes at 125 volts or 
less, or 15 amperes at 600 volts or less. Individual running ovcrcurrent 
protection is unnecessary for such motors unless required by the provisions 

h. Two or more motors of any ratings each having individiml nin^ng 
overcurrent protection, may be connected to one branch circuit provided 
all of the following conditions are complied with: 

1 . Each motor running overcurrent device must be approved for group 
installation. 

2. Each motor controller device must be approved for group installation. 

3. The branch circuit must be protected by fuses having a rating equal 

to that specified for the largest motor connected to the branch 

circuit plus an amount equal to the sum of the full load current ratings 
of all other motors connected to the circuit. 

4. The branch circuit fuses must not be larger than allowed bv specifica* 
tions covering the thermal cutout or relay protecting the smallest motor 
of the group. 

5. The conductors of any tap supplying a single motor need not have 
individual branch circuit protection, provided they comply with either of 
the following: (1) No conductor to the motor shall have a current carrying 
capacity less than that of the branch circuit conductors, or (2) no conductor 
to the motor shall have a current carrying capacity less than one third that 
of the branch circuit conductors, with a minimum in accordance with table 

the conductors to the motor runnfng protective device being 
not more than 25 feet long and being protected from mechanical injury. 


Combined Ovcrcurrent Protection. — Motor branch circuit 
overcurrent protection and motor running overcurrent protection 
may be combined in a single overcurrent device if the rating or 
sett'ng of the device provides the running overcurrent protectioa 
specified 

Fusee. — If fuses are used for motor branch circuit overo«nwn« 
protection a fuse shall be placed in each ungrounded conductor. 
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Capacity of Fuseholder. — If fuses are used for motor branch 
circuit overcurrent protection, the fuseholders shall not be of a 
smaller size than required to accommodate the fuses specified by 
table 20, page 3,074 except that where the authority enforcing 
this code is satisfied that the conditions of maintenance and 
supervision provide that appropriate fuses for the starting char- 
acteristics of the motor will be continually available, fuseholders 
of smaller size than specified by table 20, may be used. 



Ste. Motor wiring diagram where the branch circuit conductors are oi the same i 

M the mains. In this case branch circuit im>tective devices may be omitted. 


Rating of Circuit Breaker. — Circuit breakers for motor 
branch circuit protection shall have a continuous current rating 
of not less than 115 per cent of the full load current rating of tbe 
motors. 

Feeder Taps in Inaccessible Location. — If the location of a 
tap to the feeder conductors is not accessible, the motor farsnch 
cimiit overcorrent device .may be placed where it will be ao’ 
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oescHble,;provided the coaductors between the tap and the ovi^ 
current device have the same overcurrent capacity as the feeder; 
ta provided they have a current carrying capacity of at least yi 
of the feeder and are not more than 25 feet long and are protected 
from mechanical injury. 



Sdection or Setting of Protective DeWce. — If the values for 
branch circuit protective devices given in table 26, page 3,080 
or table 27, page 3,081. do not correspond to the standard sizes 
or ratings of fuses, non-adjustable cimut breakers, or thermal de- 
vices, or possible settings of adjustable circuit breakers adequate 
to carry the load, the next higher size, rating or setting may be 
used. 

. A distance of more than 60 feet is considered equivalent to 
bong out sight* 
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Motor Feeder Overcurrent Protection 

The following provision specify overcunent devices intoxded to 
protect feeder conductors supplying motors against overcuirent 
due to short circuits or grounds. 

Rating or Setting; Motor Load. — A feeder which supplies 
motors shall be provided with overcurrent protection which diall 
not be greater than the largest rating or setting of the branch 
circuit protective device, for any motor of the group, plus the 
sum of the full load currents of the other motors of the group. 

If two or more motors of equal horsepower rating are the largest 
in the group, one of these motors shall be considered the largest 
for the foregoing calculations. 

If two or more motors of a group must be started simultane-_ 
ously, it may be necessary to install larger feeder conductors and 
correspondingly larger ratings or settings of feeder overcurrent 
protection. 

Ratings or Settings; Power and Light Loads. — If a feed^ 
supplies a motor load and in addition a lighting or a lighting and 
appliance load, the feeder overcurrent protective device may have 
a rating or setting sufficient to carry the lighting or the lighting 
and appliance load as determined in accordance with tables 2g 
and 27, pages 3,080 and 3,081 

Motor Controllers* * 

The following provisions are intended to require suitable con* 
trotters for all motors. 

*KOTS.-^Ai used in this diapter the term comtrcUer includes imy seHtch or device uriddi Is 
aofttsUir used to stett sad stop the motor. 
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Suitability. — ^Each controller shall be capable of startixig and 
stopping the motor which it controls and for an alternating cur- 
rent motor shall be capable of interrupting the stalled rotor cur- 
rent of the motor. 

Rating. — The controller shall have a horsepower rating, which 
shall not be lower than the horsepower rating of the motor except 
as follows: 

а. For a stationary motor rated at H horsepower or less that is noimally 
left running and is so constructed that it cannot be damaged by overload or 
failure to start, such as clock motors and the like, the branch circuit over- 
current device may serve as controller. 

б. For a stationary motor rated at 2 horsepower or less, and 300 volts 
or less, the controller may be a general use switch having an ampere rating 
at least twice the full load current rating of the motor. 

c. For a portable motor rated at horsepower or less, the controller 
may be an attachment plug and receptacle. 

d. A branch circuit type circuit breaker, rated in amperes only, may be 
used as a controller. When this circuit breaker is also used for overcurrent 
protection, it shall conform to the appropriate provision of this chapter 
governing overcurrent protection. 


Opening of Conductors* — Except when the controller serves 
also as a disconnecting switch, the controller need not open all 
conductors to the motors. 

In grounded conductors one pole of the controller may be 
placed in a permanently grounded conductor provided the con- 
troller is so designed that the pole in the grounded conductor 
cannot be opened without simultaneously opening all conductors 
of the circuit. 

In Sight of Motor. — A motor and its driven machinery shall 
be within sight of the point from which the motor is controlled, 
unless one of the following conditions is complied with; 

a. The controller and its disconnecting means is capable of being lodced 
in the ooen iwsition. 
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Speed Limitation. — Machines of the following types shall be 
poovided with speed limiting devices, unless the inherent char- 
acteristics of the machines, the system, or the load and the 
mechanical cotmections thereto, are such as to safely limit the 
speed, or unless the machine is always under manual control of a 
qualified operator. 

a. Separat^y excited direct current motors. 

b. Series wound motors. 

c. Motor-generators and converters which can be driven at excessive 
speed from the direct current such as by a reversal of current or decrease in 
load. 

Fuseholder Rating. — The rating of a combination fuse- 
holder and switch used as a motor controller shall be such that 
the fuse holder will accommodate the size of the fuse specified 
in table 20, page 3,074 for motor running protection. 

Disconnecting Means 

The following provisions specify disconnecting means for 
motors and controllers capable of disconnecting them fix>m the- 
circuit. (See diagram fig. 7,360.) 

Type . — The disconnecting means shall be a motor circuit 
switch, rated in horsepKJwer or a circuit breaker except as per^. 
mitted in the following paragraphs. Every switch in the motor 
branch circuit within sight of the controller location shall comply 
with these requirements. A distance of more than 50 feet is 
considered equivalent to being out of sight. 

0 . For stationary motors of H horsepower or less the brands ctrcuit 
overcurrent device may serve as a disconnecting means. 

b. For stationary motors rated at 2 horsepower or less and BOO volts or 
less, the disconnecting means may be a general use switch having an amMw 
tatittg at least twice me full load current rating of the motoi. 
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e. Fdr stationaiy motors rated at more than 50 h or s e p ower, ths St' 
eponecllng means may be a motor circuit switch also rated in amperes, a 
general use switch, or an isolating switch. 

It is recommended that isolating switches for motors exceeding 50 hom^ 

S >wer, not capable of interrupting stalled rotor current be plaiiuy naarked 
0 not open under load. 

d. Pot portable motors an attachment plug and receptacle may serwa 
as the disconnecting means. 


Garr}^& Capacity. — The disconnecting means shall have a 
carrying capacity of at least 115 per cent of the name plate cur- 
rent rating of the motor. 

Grounded Conductors. — One pole of the disconnecting 
means may be placed in a permanently grounded conductor if 
the disconnecting means is so designed that the pole in the 
grotmded conductor cannot be opened without simultaneoutiy 
disconnecting all conductors of the circuit. 


To Be Indicating. — The disconnecting means shall plainly 
indicate whether it is in the open or dosed position. 


To Disconnect Both Motor and Controller. — The dis- 
connecting means shall disconnect both the motor and controller 
horn all tmgrounded supply conductors. The disconnecting 
means shall be in the same endosure with the controller. 

Switch or Circuit Breakor as Both Controller and IHa- 
CXMUiecting Means. — switch or circuit breaker oomfdiyuqi; 
with the foregoing provisions may serve as both controller and 
disconnecting me^ if it opens all ungrounded conductoss to the 
motor, is protected by an overcurrent device (which may tie a 
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aet fuses) which opens all ungrounded conductois to tiie switch 
or circuit breaker, and is one of the following types: w 

a. An air brake awitdi, operable direotty by applying ilw hand to • 
lever or handle. 

b. A circuit breaker < 9 erable directly by applying the hand to a lever or 
handle. 

e. An aQ Bwitdi need on a circuit whose rating does not exceed 600 volts 
or 100 amperes, or on a circuit exceeding this capacity if under expert supers 
vkion and by Qiedal permission. 

The oil swit^ or circuit breaker specified above may be both 
power and manually operable. If powm: operable, providon 
should be made to lock it in the open position. 

The overcurrent device protecting ^e controller may be a part 
of tile controller assemUy or may be sqiarate. 

A compensator type of controller is not induded above and wiU 
require a separate disconnecting means. 

Service Switch as Disconnecting Means.— If an instal> 
lation consist of a single motor, the service switdi may serve 
as the disconnecting means, provided it conforms with tte fore* 
going requirements of this chapter, and is within sight of the 
omtrdler. 

In S^ht of Controller. — The disconnecting means shall be 
located within sight of the controller or be arranged to be locked 
in open position. 

Motor Served by a Single Disconnecting Means. — ^Bach 
motor shall be provided with an individual disconnecting means, 
esoept that for motors of 600 volts or less a sii^Ie disconnediog 
means may serve a group of motors under any one of the following 
conditions. The disconnecting means serving a group cA motors 
dtsfl have a rating not less than is required by the foeegmng 
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pfovisiom for a single motor whose rating equals the sum of the 
horsepowers or currents of all the motors of the group. 

а. If a number of motors drive several parts of a single machine or a 
piece of apparatus such as metal or woodworking machines, cranes and 
hoists. 

б. If a group of motors is under protection of one set of overcurrent 
devices as permitted by paragraph a, page 3,056 

c. If a group of motors is in a single room within sight of the disconnecting 
means. 

Readily Accessible* — The disconnecting means shall be 
readily accessible. 

Requirements for Voltages Over 600 Volts 

The following provisions recognize the additional hazard due 
to the use of high voltage. They are in addition to the amenda- 
tory of the provisions of this chapter. 

Voltages of Over 7,500 Volts. — Motors operating at more 
than 7,500 volts between conductors shall be installed in fire 
resistive motor rooms. 

Motor Overcurrent Protection. — Running overcurrent pro* 
tection for a motor of over 600 volts shall consist of either a cir- 
cuit breaker, or of overcurrent units, integral with the controller 
which shall simultaneously open all ungrounded conductors to 
the motor. The overcurrent device shall have a setting as speci- 
fied elsewhere in this chapter for motor running protection. 

Circuit Overcurrent Protection. — Each motor branch dr* 
cuit and feeder of more than 600 volts shall be protected against 
overcuirent by one of the following means: 

a. A circuit breaker of suitable rating so arranged that it can be sendeed 
without hazard. 
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h. Puses shall be of the oil filled or other suitable type. Fuses shall be 
used with suitable disooimecting means or they shall be of a type which 
can also be served as the disconnecting means. They shall be so arranged 
that they cannot be refused or replaced while they are energized. 


Discannecting Means. — The circuit breaker or the fuse as 
specified in the foregoing paragraph shall constitute the dis- 
connecting means. 


Protection of Live Parts; All Voltages 

The following provisions specify that live parts shall be pro- 
tected in a manner judged adequate to the hazard involved. 


Where Required. — Exposed live parts of motors and con- 
trollers operating at 50 volts or more between terminals, except 
for stationary motors having commutators, collectors and brush 
rigging located inside of motor end brackets and not conductively 
connected to supply circuits operating at more than 150 volts to 
ground, shall be guarded against accidental contact by enclosure, 
or by location as follows: 

a. By installation in a room or enclosure which is accessible only to 
qualified persons. 

b* By installation of a suitable balcony, gallery or platform, so elevated 
or arranged as to exclude unqxialified persons. 

c. By devation 8 feet or more above the floor. 

d. So that it will be protected by a guard rail adien the motor operates 
at 600 volts or less. 

Guard for Attendants . — If the live parts of motors or controllers 
operating at more than 150 volts to groimd are guarded against accidental 
contact only by location as spedfi^ in the for^in^ paragraph, and if 
adjustment or other attendance may be necessary dunng the operation of 
the apparatus stiitable insulating mats or platforms sh^ be pmvided so 
that the attendant cannot readily touch live parts unless standing on the 
mats or platforms. Where necessary steps and handrails should be in- 
stalled on or about large machines to afloid safe access to parts whidi must 
be esamined or adjusted during the opemtion. 
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Grounding 

‘Hie following provisions specify the grounding of motor and 
controller frames to prevent a potential above ground in the 
event of an accidental contact between live parts and frames. 
Insulation, isolation or guarding are suitable alternative for 
motors under certain conditions. 

Stationary Motors. — The frames of stationary motors shall 
be grounded if any of the following conditions exist: 

a. If supplied by means of metal-dad wiring. 

h. If located in a wet place and not isolated or guarded. 

c. If in a hazardous location. 

d. If the motor operates with any terminal at more than 150 volts to 

ground. If the frame of the motor is not grounded it diall be permanently 

and effectively isolated from the ground. 

Portable Motors. — 'The frames of portable motors which 
operate at 150 volts to ground shall be guarded or grounded. 

It is recommended that the frames of motors which operate at 
less than 150 volts to ground be grotmded if this can be readily 
aocomplished. 

Controllers. — Controller cases, except those attached to un- 
grounded portable equipment and except the lined covers of snap 
switches, shall be grounded regardless of voltage. 

Metibiod of Grounding. — Grounding where required be 

performed as prescribed by the National Electrical Code. 


Grounding Throu^ Terminal Hou8ln^.-^If the wiring to 
fixed motors is in armored cable or metal raceways, joactimi 



Towm. wiiam 


boxes to house motor terminals shall he provided. These hou»- 
ings diall be of ample size to properly make connections, they 
shall he of substantial metal construction, and the armor of the 
cable or the metal raceway shall be connected to them in ac- 
cordance with provisions of the National Electrical Code. 

The foregoing junction box required may be separated from 
the motor not more than 6 feet, provided the leads to the motor 
are armored cable or armored cord, or are enclosed in flexible or 
rigid conduit or electrical metallic tubing not smaller thaw ^ 
inch electrical trade size, the armor or raceway bdng connected 
both to the motor and to the box. 

Example. — WUk reference to fig. 7,376, it is reqmred to determine the 
condnctor sizes, the motor running overcurrent protection, the branch ciretni 

S 'oteetion and the feeder ^otection for one 25 horsepower squirrd cage motor 
nil voUage starting) and two 30 horsepower wound rotor induction motors, 
all connected to a 4M volt, 3 phase 60 system. 


Solution 

Conductor Sizes. — The full load current of the 26 horsepower 
motor is 32 amperes (table 24 , page 3,079 ) . A full load current of 
32 amperes requires a No. 8 type R, rubber covered conductor 
(column 2 table 20, page 3,075). The full load current of the 30 
horsepower motor is 39 amperes (table 24 , page 3,079 ) . A full 
load current of 39 amperes requires a No. 6 type R rubber covered 
conductor (column 2, table 20, page 3,075). 

The feeder conductor capacity will be 125 per cent of 39 plus 
39 plus 32 or 120 amperes, see page 3,049 In accordance with 
table 1, page 3,070 t^ would require a No. 0 type R, rubber 
covered feeder. 


. Overcurrent Protection 

Ru nn i ng . — ^The 25 horsepower motor, with a full loSNi current 
of amperes must have a ruxming overcunmit protection of not 
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i, feeder drcuit end protective devices in a typical inotor lajpoat* 
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over 40 amperes (cdlumns 5 and 6, table 20. page 3,075 ). The 
30 horsepower must have a running overcunent protection of 
not over 60 amperes (columns 6 and 6, table 20, page 8,075 ). 

Branch Circuit.— -The branch circuit of the 25 horsepower 
motor must have a branch drcuit overcturent protection of not 
over 100 amperes (column 7, table 20, page 3,075 ). The branch 
circuit of the 30 horsepower motors must have a branch circuit 
overcurrent protection of not over 60 amperes (column 10, table 
20, page 3,075 ). 

Feeder Circuit. — The rating of the branch circuit fuse for a 
25 horsepower squirrel cage motor is 300 per cent of 32 amperes 
or 06 amperes (table 27, page 3,081 ); and for a 30 horsepower 
wound rotor motor is 150 per cent of 39 amperes or 59 amperes 
(table 27). The rating of a feeder fuse is therefore 96 plus 39 
plus 39 or 174 amperes. Therefore a 175 ampere fuse is Uie 
maximum site which may be used 

The setting of a motor branch circuit breaker for a 26 horse* 
power squirrel cage motor is 250 per cent of 82 amp«es or 80 
amperes (table 27), similariy for a 30 horsepower wound rotor 
motor the setting is 160 per cent of 39 amperes or 69 anqperes. 
The maximum setting of a feeder circuit breaker is 80-i'39*(‘39 
or 158 amperes 
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TABLE 1>^L0WABLB CURBENT-CASSr. 
XNQ CAPACmSS OP CONDUCTOBS 
IN AMPEBBS 

Mot Man Than Time Condaeton&i BM«inr or CiAi* 
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TABLE a-ALLOWABLB C O E ianiT.CAKKy« 
XNO CAPACITIES OP COMDUCTOB8 
IN AMPBKBS 
Single Conductor in Eree iUr 

CBuad on Boom T«Bi|Mn«iiiE or SO G. 86 F J 
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TABLE 4-^NUMBER OP CONDUCTORS XN 
CONDUIT OR TUBING 


Rubber Covered, Typet RF-3;^ R, RB, RW and RU 
Thennoplaetic, Typea TF, T and TW 
One to Nbe Conduetora 



Sec N<ite 4 to TaUet 1 and 3. 

*Wbere a ’fervioe run of conduit or deetrfeal metallic tubhia 
doct not exceed 50 feet in length and does not contain more 
Chan the equivalent of two quarter, benda from end to end 
two No. 4 intttlated and one No. 4 hare conduetora nay he 
in a t al k d In 1-inch conduit or tubing; 
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TABLE 18 >TOOPBRTXE 8 OF- COPPER 
CONDUCTORS 
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TABLE 21— FULL-LOAD CURRENT* 
Direct-Correat Motors 


CW.Si'. ~ 1 ' 

HP 

115 V 

230V 

500V 

H 

4 6 

2.3 



li 

si 

It 

IH 

12.6 

>1:^ 

2.6 

1 

IS:* 

iJ 


IS 

20 

I* 

iS;3 

10 

76 

38 

16.0 

ii 

112 

66 

23.0 

11$ 

74 

SI; 

25 

184 

02 

30 

220 

110 

«• 

40 

292 

iSS 

60 

860 

75 

60 

430 ! 

215 

90 

>31 

536 

268 

355 

iU 

125 

150 


443 

684 

IIS 

200 


712 

205 


*The«e valaea ior fuU'load current arc average for all apeeda. 


TABLE 22— FULL-LOAD CURRENT* 
Single-Phase A.C. Motors 


HP 

1 11®^ 1 

1 880V 

440V 

IQ 

1^ 

B 


1.5 


8 

g;‘ 

r 



.1: 

S: 

S: 


For fuIMoad currents of 208 and SOOvoIt motors, increase cor* 
responding 230>volt motor ftill4oad currdnt by 10 and 15 per 
cent, respectively, 

*These values of lull-load current are for motors ruanlna 
speeds usiiat for belted motors and motors with normal torouo 
cbaracteristics. Motors built for especially low apeeda or btah 
toroues may require more running current. In waich ease m 
nameplate curreut rating abould be used. 
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TABLB 24~PULL-LOAO CURBBNT* 
Tlme-Fhase A.C. Moton 


Induetleo Tw* . ^ SjrtidiTOneoi Tjrpe 

Bqulml-Ctge and Wound Xo^or TUnitjr Power FoMor 
Amperes Amperes 


Hf llOV 220V 440V J 

550V 2300^ 

220V 

440V 

550V 

2300y 


4 

2 

1 

.8 


... 





5.6 

2.8 

1.4 

1.1 



i.. 

... 

— 

1 

7 

3.5 

1.8 

1.4 

— - 

— 




nrs" 

10 

5 

2.5 

2.0 

... 





2 

13 

6.5 

3.3 

2.6 

.... 

... 

... 





9 

4.S 

4 

... 

— 

— 





15 

7.5 

6 

... 





7^ 


22 

n 

9 

... 


.... 




•— 

27 

14 

11 


... 

— 

... 


IS 


40 

20 

16 


... 


... 

.... 

20 


S3 

26 

21 



M. 

... 


25 


64 

32 

26 

7 

54 

27 

22 

5.4 

lEIDHI 


78 

39 

31 

8.5 

65 

33 

26 

6.S 

40 


M 

52 

41 


86 

43 

35 

8 

SO 


125 

63 

SO 

13 

108 

54 

44 

10 




75 

60 

16 

128 

64 

$1 

12 

7S 


18S 

93 

74 

19 

161 

81 

65 

1$ 

fEm 

— 

246 

123 

98 

25 

211 

106 

85 


125 


310 

155 

124 

31 

264 

132 

106 

^ 5 ^ 

ISO 


360 

180 

144 

37 


1$8 

127 

30 

200 

— 

BM 

240 

192 

49 



168 

40 


For fulMood curreots of 208 ftnd 200 volt motors, increase tbe 
corresponding; 220-voU motor full-load current by 6 and 10 per 
een^ respectively. 

^These values of full-load corrent are for motors running at 
apeeds usual for belted motors and motors with normal torouo 
caaraeteristics. Motors built for especially low sp^s or hm 
torques may require more running current, in wiiich ease m 
nameplate current rating should be used. 

fFor 90 and 00 per cent P. F. the above figures should be 
multiplied by 1.1 and 1,25 rospOGtivaly, 
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TABLE 26--MAXZMUM RATING OR SETTING 
OP MOTOR-BRANCH-CIRCUIT PROTECTIVE 
DEVICES FOR MOTORS MARKED WITH A 
CODE LETTER INDICATING LOCKED 
ROTOR KVA 


Typt of Molof 


Pbk Cfeirr or Ptli^Loiad CiTftumT 
Fuie Fating Qrcnit-Breaker Setting 
<Seo alao Initan- Tima 

Table 20^ Col- taneona Limit 

unu»7»8*9, 10) Tjrpe Tjrpo 


AS AC aingle-i>liase and 
polyphase squirrel cage 
ana synchronous motors 
with full-voltage, resis- 
tor or reactor starting: 

Code Letter A 150 

Code Letter B to 250 

Code Letter F to IL. 300 

An AC squirrel cage and 
synchronous motors 
with auto-transformer 
starting: 

Code Letter A*. ISO 

Code Letter B to £.. 200 

Code Letter F to 250 


ISO 

200 

250 


150 

200 

200 


Synchronous motors of the low-torque, low-speed type (usually 
450 RPM or lower), such as are nised to drive reciprocating com- 
wressors, pumps, etc., which start up unloaded, do not require a 
xuse rating or circuit-breaker setting in excess of 200 per cent ol 
fulMoad current. 


For motors not marked with a Code X.etter. 
aee Table 27. 
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TABLB 27oMAXIlIUlC RATING OR SETTING 
OF MOTOR.BRANCH-CIRCUrr FROTBCTIVB 
DEVICES FOR MOTORS NOT MARKED WITH 
A CODE LETTER INDICATING LOCKED 
ROTOR KVA 


Votgr 


Fn Cut «r Vbu Low < 

Ftno Bating Cbcnit-BKiltBr ScMint 

(SgEEIsO IflftHB* TiflM 

Table 20, Cdl- taneoiis Limit 

Btniia 7» 8g 9» tO) Type l^pe 


Single-pliaae, all types.^ 
Squirrd-cage and aya- 

300 

— 

aso 

cbronoua (full-volUgOg 
feaiator and reactor 

Atartinf) _ 

300 


2S0 

Sqoirrel-eRge and aya- 



chronous (auto - trana- 
fomer starting) 

Not more than 30 am- 




peres 

250 

MM 

m 

H^e than 30 amperes^. 
High-reactance aqnirrel-oage 

200 

— 

aoo 

Not more than 30 am- 




peres 

3S0 

MM 

aso 

More than 30 amperes.. 

200 

MM. 

aoo 

Direct-current 

ISO 

— 

130 

Not more than SO H.P. 

ISO 

3S0 

ISO 

More than 50 H.P 

ISO 

I7S 

150 


Syaebronout motori of the low*torque loEMpeed type {naiiallp 
4S0 ItP.M. or lower) aach aa are used to driTo r^proeatiag 
ootopresaora, pompa. etc., wbicb start up tmlosded, do not requira 
a fuse rating or circait^oreakcr aelting in eaccesa of 20D per coni 
os full-load currenL 


Por motori marked with a Code Letter, 
eee Table 26 . 


Notes (See tables 1 and 2) 

1 Aluminum Condueton . — For aluminum cxmductors, the aHowaUe 
cuneat-caftying capadttes shall be taken as 84 % of those given in the t^le 
i<x the respective siies of oc^per conductor with the same kkid of iniuletion. 
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2. Bar 0 Coiuliiefort,-^1{ bare conductoni are vm$A witb batikted 
ooiiductor% their allowable curreiit-carryiiig capad^ shall be Hniitei} to 
that permitted for the insulated conductor with which they are used. 

j^fMeaHan of Table.^For open wiring cm insulatm and for 
ccmcealea knob-nnd^tube work, the allowable current-carrying capacities 
of Table 2 shall be used. For all other recognized wiring nc^ods^ the 
allowable mrrent-carrying capadties of Table 1 shall be used, untess other- 
wise provided in this code. 

4. More 7%or Three Condueiore in a Aaeewor.— 'Table 1 gives the 
allowable Current-carrying capadty for not more than three conductors 
in a raceway or cable. If the number of conductors in a raceway cn* cable 
is from 4 to 6, the allowable current-carrying capadty of each conductor 
duill be reduced to 80% of the values in Table 1. If the number of condue- 
tors in a raceway or cable is from 7 to .9, the allowable currentHaurrying 
capadty of each conductor shall be reduc^ to 70% of the values in Table 1. 

5. Neuirai Conductar.-^A neutral conductor which carries only the 
unbalanced current from other conductors, as in the case of normally bal- 
anced circuits of three or more conductors, shall not be counted in determin- 
ing currenbcarrying capadties as provided for in the preceding paragraph. 

In a 3-wire circuit consisting of two phase wires and the neutral of a 
^4-wire, 3-phase system, a common conductor carries approximately the 
same current as the other conductors and is not therefore considered as a 
neutral conductor. 


TEST QUESTIONS 


1. What is the purpcse and scope of the National 

Electrical Code? 

2. What are the authorities supervising the compliance 

of the National Elector ical Code? 

3. What are the Code specifications with respect to 

installation of several motors on one branch circuit? 

4. Define disconnecting means as required in motor and 

controller circuits. 

5. What are the rules for determination of conductor 

sizes supplying two or more motors? 
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CHAPTER 99 


Wires and Cables 

The mreman who is called upon to plan and install a system 
of wiring will find it necessary first to have a knowledge of thei 
various kinds of wire so as to select the (»ie best suited for the 
walk, and to be able to Taak& amide calculation in mder to 
determine the proper sizes of wire tear the various circuits. 

In mder to avoid confusion students should be ibmiliar with 
the following wire and cable definitions, which are taken £nom 
the Standards of the A. I. E. £. 

Wire and Cable I>efinIti<Mi8 

Cable . — fitranded cc»Miuctor {aingle conductor cahle*^) or a oombina^ 
tkm of conductors insulated fn^n one another (multiple conductor caUe). 

♦NOTE. — ^The first kind of ci^ H m tingle conductor. whOe the eeoood klad ti 
m group of eevend conductors. The coa^anent condocton of the eeoood kind of 
cetite snay be either eolkl or etranded. end this kind of cable stay or may not hows 
o common insulating oowring. The term cable ia applied by eome manufiKtanfa 
to a solid wire heavily insulated and lead covered; thie usage arwea from the man- 
ner of the ineulatkai, but such a conductor is not Included under tUa definition of 
cable. The term cable ie a general one* and in pcactioe* It is usually applied only 
to the larger elaes. A small cable is called a stranded wire, or a cord* both of 
0rt here defined. Cab le e may be bire or insulated* and the latter may bo anoored 
with lead* or with steel wires or bsnds. 

Cl»Me.~A Moifc oaoductor cable oooqiwMd of a outnl 
flOR mcioundied by cue or non bycn oi hdkally laid wina. 

Cimdmtmr»—A adre or comhhiatkm ^ wins oot jttrotatwl fnan ooa 
mnaiam, iuhable for canrying » tHa^ eecteic ininwnt. 
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NOTE.— Tbe teem conductor to not to indude a comWimtien of oon dupt ort In- 
•ulated from one anotfaier, which would be suitable for ceiryinc eevetal diffemt 
ctoctrk currents. Rolled oooductocs, such u bus bars* are of course, oonductaia, 
but are not considered under the tenainofogjr here given. 

Cbr(l« — small cable, very flexible and substantially insulated to Mritli- 
stand wear. 

NOTE. — ^There to no sharp dividing line in respect to siae between a cord and a 
cable, and likewtoe no Sharp dividing line in reapect to the character of inaulation 
between a cord and a stranded wire. Rubber to used aa the insulating material for 
many rlasaea of cords. 

Concentric Strand.— k central core surrounded by one or more layers 
of heliodly laid wires or groups of wires. 

Bare Cable. — Any group of wires twisted together helically, or com* 
posed of any number of such groups. The term wire indicates the indi- 
vidual solid wires in a cable. 



Fro. 5,072. — Apparatus Cable. Vaed for connecting machine terminals to brush holders, for 
tranafoiiner l^s and similar puiposes where great flexibility is required and the woridng 
pressure does not exceed 750 volts. One conductor. Sizes up to 2,000,000 c.ol Stranding, 
extra flexible. Insulatam, varnished cambric or rubber compound. Thickness of insula- 
tion, same as code standard for OflOO volt rubber. Covering over insulatioo, one dry cottoa 
braid. (Sometimea a weatherproof braid to specified.) 


Bunched Strand. — Sometimes applied to a collection of straight or 
twisted wires which are grouped together with little regard to their geo- 
metrical arrangement. 

Birection of iMy. — ^The lateral direction in which the strands oi a 
cable run over the top of the cable as they recede from an observer looking 
along the axis of the cable. 

Duplex Cable. — ^Two insulated stranded conductors twisted together. 

NOTE.-— Duplex cablea may or may not have a common insulatiog eoverbig. 

Factor of Aeeur once. —Vat factor of assurance of wire or cable in^ 
sulation shall be the ratio of the voltage at which it is tested to that at 
which it is used. 
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InMuiatUm JBraMance,— >The dectrical renstance in a conductor 
offered by its insulation, to an impressed voltage tending to produce a 
leakage of current through the same. 

N^Conduetor Cable. — combination of N-oonductors insulated from 
one another. 

NOTE. — It is not intended that the name aa here given be actually used. In- 
stead, say. 1 conductor cable. 2 conductor cable, 3 co^uctor cable, etc. In refer- 
ring to the general caae the term **multiple conductor cable** should be used. 



IfIG. 5,073 .-^Armored or submarine cable. Vtd under water for crossing rivers, bays and 
Islces. Armored cables may be insulated with paper, varnished cambric or rubber com* 
pnmd. The leaded or taped core is served with jute yam, run through hot asphalt 
compound, then armored with galvanised steel wires, run through hot asphalt compound, 
served with two layers of yam and finally run through asphalt compound. The asphalt 
and jute over the armor may be omitted, if desired. 




Fto, 5,074. — Automobile lighting wire. Vatd for connecting automobile lights with the switch 
and source of current supply. One wire 10 to 14 AM.g. stranded. Insulation, **Black 
Cere** rubber compound. Covering over insulation, one varnished soft cotton braid I>64th 
in. thick. Outside covering one (2 coat) varnished braid, l-64th in. thick. 


N'^CoFtdurfor Concentric Cable. — A cable composed of an insulated 
central conductor with (N-1) tubular stranded conductors laid over it 
concentrically and separated by layers of insulation. 

NOTE.— This kind of cable usually has only two or three oonducton. Such 
cables are used particularly for alternating currena. The remark on the eapresskm 
**N conductor" given for the preceding definition also applies here. 

Hound Conductor. — Either a solid or stranded conductor of wbich 
the cross section is substantially circular. 

Hope Lav Cable. — ^A single conductor cable composed of a central toto 
•urroimded by one or more layers of helically laid groups of wires. 
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N0TE.^Thi8 kind ol cable differs from the preoedioff in that the watai atr ah de 
are dheneelvee etrandcdi 

Sector Cable^^A multiple oonducto caUe in which the cross s ee t km 
of each conductor is substantially a sector* an dlipse* or a figiue inteiv 
mediate between them. 

NOTE. — Sector cablee are need In order to obtain de td oveiaa diaindter and 
tfana permit the use of larger conductoci in a cable of given diameter. 

Split Conductor * — conductor which is divided into two or more 
parts* separated from one anotter by insulation which is thin compared 
with the insulation around the conductor. 



PkC. 5.075.~rAutoniobile starting and charging cable. Oitad for connecting the batteriea Sb 
the starUng motor and dimaino. of a gaaolme propelled car. One conductor, aisea S ta 00 
A.w.t. stranded Insulation, **Black Core" rubber compound. Intermediate oovering, cmk 
overlapping strip of varnished cambric. Overall covering, one (2 coat) varnisbed bcakt# 
l<64th in. thick. 



5.076.— Basket weave amaored cable, fl corwUta o/a wire braid similar hioofiatnieCioil 
to the ordinary cotton braid, used for covering wires. It is usually made of galvaidnsd 
aoft steel wire, but it is sometimes made of brass or copper. The warp and wod of tiiia 
fabric, each consists of between five and fourteen ends, depending upon the else of c^ile* tha 
Oiual liae of wire being .0126* diam. The strands or ends are laid ciosdy tcgether* Hit 
and parallel, hnniy binding the core. Basket weave is used for two purposes. First aa 6 
m e chanic a l protection, and second, as a means of grounding the outside of tdidi vo l t ag e 
cables, in order to prevent static disturbances. The former appUcation ii by far the moca 
Important. 


NOTE.— The term qdit conductor usually designates a conductor in tsvo pnNa 
or splits, which may be either concentric or external to one another. 

Strand* — o. (hie of the wires, or groups of wires any gtiaiicM ooik* 
duito. b. Group of abos^e wires in oim or more layers, twined togetbar 
hdically and symmetrically with a uniform pitdi around a centnd 
wire or neutral am. This construction is som^imes called ooncentiic 
strand. 
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Strmnded €kmductorm^h conductor oounposed of a gnmp of or 
Of any combination of groups of wires* 

N0rrE.*«^The wicet in a stranded conductor are usually’ twisted or braided to* 
gather. 

Stranded Wire* — group of small wires* used as a single wire. 

NOTE.— A wire has been dedned as a slender rod or dlament of drawn metal. 
If such a filament be subdivided into several smaller filaments or sttands, and Is 
used as a single wire, it is called a stranded wire. There is no^ sharp dividing line 
of sire between a stranded wire and a cable. If used as a wire, for example, in wind* 
ing inductance coils or magnets, it is called a stranded wire and not a cable* If it 
be substantially insulated, it is called a cord. 



Flo. 5,077 —Border light cable. C/sed for stage lighting or other purposes where a (lesible 
multiple conductor cable is required for electric lights. Number of conductors, three or 
more. Standard siaes. 12 and 14 A.w.g. stranded. Separator, soft cotton wind. Insula* 
tion on each conductor. **Black Core** rubber compound. Covering over insulation one 
aaturated braid. Grouping of conductors, twisted. Fillers dry jute. Covering overall, 
two saturated braids. Th-s outer braid is sometimes saturated with a fiameproof compound 
instead of the usual weatherproof compound. 



FVgb 5,078.— brewery cord, tssd for extension lights in damp places and differs from ordi* 
ntry lamp cord only in that the braids are weatherprcof instead of dry glared cotton. Twd 
conductors. Range of sisss, 10 to 18 A,w.g, bunched. Separator, soft cotton wind. In^ 
filiation on each conductor, **Black Core** rubber compou^. Covering over insulation, 
one saturated braid. Grouping of conductors, twisted pair. 


Tripiex Cable*— Three insulated single conductor cables twisted to* 
gether. 

Twin Cable.— Tiffo insulated stranded conductors laid paraUdt havini 
a common covering. 

TwMed Pofr*— A cable composed of two small insulated conditctocs* 
twisted together, without a common covering. 

notE.— TrIplM cabim asay or may not have a comm o n tewdattns o overing* 
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NOro.— The two conducton of a **twieted pair'* are uaualtr adbetantlany ifr 
•olatad 80 that the oombmatkm ia a special case of a cord. 

Twin Mre.— Two small insulated conductors laid paralldt having a 
common covering. 

Wire . — slender rod or filament of drawn metal. 

NOTE. — ^The definitiofi natnctm the term to what would ofdinarily be undw- 
atood by the term solid wire. In the definition the word slender is used in the sense 
that the kmgth is great in comparison with the diameter. If a wire be covered with 
insulation, it is properly called an insulated wire; while primarily the term wire 
refers to the metal: nevertheless, when the context shows that the wire is insulated, 
the term wire will be understood to include the insulation. 


standard Annealed Capper. — a. General, fhe following 
shall be taken as nonnal values for standard annealed ooppac. 



VtQ. 5,079.— Canvasite cord is a type of lamp cord specially adapted to rough usage. Two 
conductors. Range of sises, 10 to 18 A.w,g., bunch^. Separator, soft cotton wind. In* 
snlatkm on each conductor, ^'Black Core” rubber compound. Covering over insulation, 
one saturated braid. Grouping of conductors, twisted. Covering overall, one saturated 
braid. 


b. Resistance . — At a temperature of 20® C., the resistance of a wire 
standard annealed copper one meter in length and of a uniform section 
of 1 square millimeter is l/58th ohm»0.017241 ohm. 

c. Density . — At a temperature of 20® C., the density of standard an- 
nealed copper is 8.89 grams per cubic centimeter. 

d. Temperature Coefficient of Resistance . — ^At a temperature of 20® C., 
the constant mass temperature coefficient of resistance of standard an- 
nealed copper^ measur^ between two potential points rigidly fixed to 
the wire, is 0.00393 « 1/254 ,45 per degree centigrade. 

e. Resistance of Standard Annealed Copper at 20® C . — ^As a consequence, 
it follows from (b) and fc) that, at a temperature of 20® C. the resistance 
of a wire of standard annealed copper of uniform section, one meter in 
length and weighing one gram, is 1/58X8.89 «0.15328 ohm. 


Coppor Wire. — Coi^)er is used in nearly all cases of wiring 
because it ccnnbines high electrical conductivity with good 
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mechanical qtialities and reasonable price. In conductivity it 
is only surpassed by silver, but the cost of the latter of course 
prohibits its use for wiring purposes. 

Copper wire is used for electric light and power lines, formost 
tetejdione and some telegraph lines, and fen* all cases where low 
resistance is required at moderate cost. 

Hard drawn copper wire is ductile, and has a high tensile strength^ 
these properties allow it to be bent around corners and drawn throl^ 
tubes without injury. 

Pure annealed copper has a specific gravity of 8.89 at €0* Fahr. One 
cubic inch weighs .32 pound; its melting point is about 2,10(P Fahr. 



Fig. 6,080.— Gtf sumpor cablet. Ibetf for c o p ne ctin g the control diciiKt of adjacent mg- 
tiple unit can. They are made flexible to wttbttand the oonatant awincing aa they atretdi 
fram car to car. Number of oonducton, five to thirty. Strandhig, each oondoctor con* 
eieta of 19 No. 24 AM.i. wiiea. Separator, eoft cotton wind. Insulatkm on * arh coo< 
dttctor, SO per cent hevea rubber compound. Insulation thieV^w^ of each conductor 
Covering over ineulation. one colored dry cotton braid. Fillen, dry jute. Cover ovei 
fiBar, one rubber filled Upe. Belt over all oonducton, 30 per cent bevea rubber to mp o m d. 
Covering overall* tvo eaturated braide. 


Good hard drawn copper has a tensile strength of about three timea 
its own weight per mile length. Thus, a number 10 B. & S. gauge cop- 
per wire, weighing 166 lbs. per mile, will have a breaking stnmgth eqi^ 
to appnxdmately 3X166 "498 lbs. 

IroB Wire. — ^This kind of wire is lax^gely used for telegraph 
and telephone lines, although it is rapidly being replaced by 
copper in long lines. 

there are three grades of iron wire: 


3 ^ 


Wires and Cables 


1. Scfm heat beat (£. B. B.) which has the highest condnclivUar ipd 
is tte nearest to bang uniform in quality, being both tout^ and sliabbii 

2. Beat heat (B, B.), which varies more in quality, is not ao too^ 
and is lowor in conductivity. It is freguenUy sold as E, B. B.', 

3. Beat {B,), which is the poorest grade made, bdng more brittle, and 
lowest in conductivity. Iron wire sh^d be well galvanized. 

G«iiimi Silves' fiHre. — Getman silver is an alloy, consisting 
of 18 to 30% nickel, and the balance about four parts copper 
to one part zinc. It is very largely used as a resistance mate^ 
in maldng resistance coils, and is sold in the form of wire and 
strip. The resistance of this wire varies with its ccanpodtifni. 



riG. 6,061.*~Car lighting wire. Va«d for wiring railroad cars illuminated by aile drimi dy'- 
ttUDOB. One conductor. Sundard aiaes. 0 to 16 A,u>.g. Insulation, 30 per cent bewea 
rubber compound. Covering over insulation, 16 to 6 AM,g., one saturated braid, 6 to 0 
AMf*g», two saturated braids. 


The resistance of the 18% alloy at 25*^ C. is 18 times that of copper, 
and of the 30% alloy about 28 times that of copper. 

The safe carrying capacity of the wire in spirals in open air for con- 
tinuous duty is such that the circular mils per ampere varies from about 
1,500 in No. 10 wire to about 475 in No. 30. For intermittent duty the 
capacity is twice as great. 

standard of Copper Wire Registance. — ^Matthiessen’s stand* 
ard for resistance of copper wire is as follows: A hard draum 
copper wire one meter long, weighing one gramme, has a resist- 
ance of .1469 B. A. unit at 32° Fahr. Relative conducting 
poww: diver, 100; hard or un-annealed copp», 99.95; soft or 
axmealed copper, 102.21. 

A committee of the Am. Inst. Electrical Engineers recom* 
mends the following form of Matthiessm's standsod, taking 


Wires and Cables 


3,(»t 


8^ as the specific gravity of pure cc^per: A soft copper mts 
one meter long and one millimeter in diameter has an electriacd 
resistance of .02057 B, A. unit at 0'‘C.* From this the resist* 
ance of a soft copper wire one foot long and .001 in. in diameter 
(mil foot) is 9.72 B. A. units at 0®.C. 

For every degree Fahr., the resistance of copper wire increases .2222%« 
Thus a piece of copper wire having a resistance of 10 oluns at 32'’ would 
have a resistance of 11.11 ohms at 82®. 



Fig. 5,032. — Single conductor code house wire. Used in pairs for house ot' with twin 

wires for the neutral of three wire systems. One coniuctor, sizes, OOOO to 14 A.w.g., solid. 
Insulation. "*Black Core" rubber compound. Covering over insulation one saturated 
braid, two saturated braids or rubber filled tape and one saturated braid. 


Relative Conductivity of Different Metals and Alloys. 

(According to Lazare Weiler.) 


P*ure silver 100 

Pure copper 100 

Alloy# copper, silver 86.65 

Telephonic siliceous bronze 35 

Pure zinc 29.9 

Brass with 35% zinc 21.5 


Swedish iron 16 

Pure platinum 10.6 

Copper with 10% nickel 10.6 

Pure lead 8.88 

Pure nickel 7.89 


Phosphor-bronze, 10% tin 3.88 


Wires, — Copper is used more than any other metal for 
transmitting electrical energy, and for interior wiring it is used 
exclusively. Copper conductors should be of the highest com- 
mercial conductivity, not less than 97%. 

For wires up to sizes as large as No. 8 B. & S. gauge, single 
wires may be used, but for larger sizes the necessary con- 
ductivity should be obtained by conductors made up of strands 


*NOTE.— 'The mtermitiooal ohm -hB. A.ohm 4'.9S66. TheB. A.ohm^^X&ternatioiMX 
ohm *1 Hence, to reduce British /ssoerntwn ohms to Intomotioail ohms, divids 
XX>13S. or multiply by .9866, 
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ei smaller wires. The size of these strands depoids upon the 
size of the omductors and the ccmditions under which they 
are to he used. 

Where oocdiictors are very large (as for instance dynamo leads), and 
where it is essential that they be as flexible as possible, strands as small 
as No. 20 or 22 B. & S. gauge may be used. 

Conductors for flexible cords, pendants, fixtures, etc., should also ccm- 
sist of very fine strands, so that ^ey may be perfectly i^ble and flexible. 



Fte. 5.063.— SoUd twm (flat) code hoiiae wire. Ua^d for the same purpoee as stranded twin 
code bouse wire. Two oondoctors. siaes 6 to U Am.^, Insulation on each conductor. 
"Black Core** rubber compound. Covering over insulation, one saturated braid. Grouping 
ol conductors, parallel. Covering overall, one saturated braid. 



Fic. 5,0B4. — flat wire. Uaed for wiring buildings and is useful where it is to be drawn 
into a conduit with a single conductor cable. Two conductors, sixes, 14 A.w,g, to 500,000 
r.m., stranded. Insulation mi each conductor, **Black Core" rubber compound. Covering over 
insulation, one saturated braid except for 6 A.u/.g. and larger where a rubber filled tape 
la used. Grouping of conductors, parallel. Covering overall, one saturated braid. 


The individual strands for instance, for a No. 16 B. & S. gauge flcbdble 
cord should be as fine as No. 30. 


NOTE.— Copper , alu m i n u m and steel are the only materials in commereiat uat 

for diectnc wires. The low conductivity and large sise of aluminum and steel wires coniK 
pared to copper, however, so increase the cost of insulation as to render their use in lam* 
wted wires, except in very special cases. Inadvisable and uneconoonical. Cop^ for dectrical 
porpoaes should beabsolutcly purs as a very mall amount of any impurity serioaily *- 
the electrical conductivity. 
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Covered Conductors. — ^Fcnr most conditions of service, wires 
are protected with an insulating covering. Wires used in inte* 
rior circuits should have a covering which shall act both as an 
electrical insulate^’ and as a mechanical protection. In sonoe 
instances, however, the insulating qualities ate of secondary 
importance. 

The various forms of covering now in use ccnnmerdally for 
wires are: 

1. Rubber; 

2. Weather proof; 



Pig. S,0B5. — ^Fixture wire. V^d in wiring eiectric light futures. One oonductor, standeid 
sises. 16 and 18 A.w.f., solid or stranded. Insulation, **Black Core" rubber compoiBKl- 
Covering over insulation, one saturated braid, at least thick. 



Pig. 5,066. — Deck cable is a portable cable for rough usage in damp plaM. Two wtibned) 
conductors, sises 10 to 18 A.w.g.t bunched. Separator, soft cotton wind. Insulation on 
each conductor, "Black Core" rubber compound. Covering over insulation, one saturated 
braid. Fillers, dry jute. Grouping of conductors, twisted. Insulating belt.' 'Black Core" 
rubber compound. Thickness of belt. Covering overall, one saturated braid. 


3. Slow burning; 

4. Slow burning weather proof; 

5. Armored 

Rubber Covered Conductors. — This class of conductor con- 
sists of a tinned copper wire with a rubber covering, protected 
by an outside Ix’aidins of cotton satxirated with a preservative 
ounpound. 

Qnes. What are the advantages of rubber insolation for 
when? 
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Ans. It is water proof, flexible, ^ly strong, and has high 
insulating qualities. 

Ones. What are the disadvantages of rubber insulation? 

Ans. It deteriorates more or less rapidly and is quickly ln« 
jured by temperatures above 140® Fahr. 

Ques. For what service are rubber covered conductors 
adapted? 

Ans. For interior wiring. 



Fzg. 5,087. — ^Ftame proof cable. Vaed about power houaes in tbe vicinity of awitchboarda and 
apparatus where special Are proof protectioa is desired. This irethod of protection oon* 
smta essentially in impregnating the braided covering with a fiam^ proof paint, and may he 
tiaed in connection with any condu'^tora having braided coverin?, when so specified. 



Ftc. 5,068. — Heater cord. Vaed for the wiring of domeaiic heading apparatus, such as flat* 
itona, stoves, etc., requiring over 250 watts. Two untmned conductors, sizes 10 to 18 A.w.g., 
bunched. Separator, soft cotton wind. Insulation on each conductor, ‘*Black Core" rub* 
ber compound. Covering over insulation, one asbestos braid. Grouping of conductors, 
twisted. Covering overall, one glazed cott<»i braid. 


Ques. Is pure rubber used? 

Ans. No. The covering should be made from a compound 
containing from 20 to 35 per cent, of pure rubber. 

It would be difficult to place pure rubber on a wire, and moreover a 
covering made of pure rubber would not be durable and would deteriorate 


NOTE. — TifuUng, — ^Per^sct tbiniog of the copper' cooductor for all rubber ceverad 
9dte$ Is ahs o lu t aly neceasary to insure great durability. The coating of the pure tih protects 
tbe copper bem tbe actkni of tbe sulphur used and the minutest flaw in this coating wd! aUoar 
ft cbeiycal ftctlon to begin ftud the conductor will ba graduallv eaten awav. 
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vary n^dly. particularly at temperaturea above 120* Fahr. Aooordiflsly, 
it is mixad with other materials, sudi as French chtdk, tilicate of mag< 
nesia, sulidtur, red lead, etc. 

Weafha* Proof Wires. — ^This class of wire is protected from 
the weather by a water proof covering, consisting usually of 
Ixaided cottrm of two or three thicknesses saturated wi^ a 
moteture resisting insulating compoimd. 

Ques. Where are weather proof conductors used? 



Fig. 5 089. — Lamp cord. Vttd for pendants in dry places and also for portaUn in dry {daces 
where the uease is not hard. Two untinned conductoin* aixes 10 to 18 A.w.g^^ bondbked. 
SepomUKT. soft cotton wind. Inaulation on each conductor. *'Black Core*’ nd>ber com* 
pound. Covering over insulation, one silk cotton, or m crceriaed cotton braid. Gioupnig 
of conductors, twisted pair. The braid is made in Ul standard ot^rs. 



Pio. 5.090. — Third rail jumpers are used for joining sectionB of third rail at cross-overs, section 
gaps, and similar places where the third rail is discontinuous . One conductor, sises 2.000.000 
to 250.000 e.»f. Insulation. 20 p^r cent hevea rubber compound. Covering over insula- 
tion. one rubber filled tape. Covering over tape, jute serving. Covering over jute, two 
saturated braids. 


Ans. In places subject to dampness, such as cellars, tunnels, 
open sheds, etc. 

Ones. What are flie advantages of weather proof wire? 

Am. The insulation is cheap, very durable, and does not 
deteriorate uidess exposed to l^h tmnperatures sudi as will 
melt the oon^xmnd. 
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Ones. State the disadvantages. 

Ans. The covering is more or less inflammable and is not 
Very efficient as an insulator. 

Ones. What precaution should be taken in using weather 
pro«rf wires? 



Flo. 5^)91- — Stranded angle conductor lead covered cable ia aimilar to aolid single cooductor 
lead covered wire except that it has greater flexibility and is made in larger sises. One 
conductor, sises, 14 A.w,g. to 2,000,000 e,m. stranded. Insulation, **Black Core** rubber 
oompound. Covering, one rubber filled tape or braid. Covering overall, lead sheath. 



Fko. 5,092.— Three conductor lead covered cable, solid. ITsad for three^phs die idcr 
the same conditions of service as single conductor solid lead covered wire. Three con- 
ductors. sixes to 14 A.w.g. solid. Insulation on each conductor, **B]ack Core’*^ rubber 
compound. Covering over insulation, one rubber filled tape. Grouping of oondiicton, 
twisted. Fillers, jute. Covering over jute, one rubber filled tape. Covering overall, lead 
sheath. 


Ans. On account of the inflammable character of the cover* 
ing, care should be taken in wiring at points where any con- 
siderable number of wires are brought together, or uffiere there 
is much wood work or other combustible material. 


Ques. For what use are weatho* protrf wfres especially 
adiqited? 
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Ans. For outside wiring where moisture is certain and 
fire proof quality is not necessary. 

Obviously wires of this class should not be used in conduits, nor in 
fact, in any way except exposed on glass or porcelain insulators. 

Slow Buming Wire. — ^This class of wire is defined as: one 
that will not carry fire. The covering consists of lajrers of cot- 
ton or other thread, all the interstices of which are filled with 



Pig. S,093. — ^Sotid single conductor lead covered wires. V—d where conditions require m, mod' 
eretc degree of mechanical protection or insurance against the penetration of moisture, or 
both, as in outdoor ducts and manholes in wet locations. One conductor, aiaes 4 to 14 
A.».g. solid. Insulation. "‘Black Core" rubber compound. Covering over insulation, one 
rubber filled tape or braid. Coveting overall, lead sheath. 



Fig. 5,094. — ^Three<ondubtor lead covered cable, stranded. I7sscf for three-fduuie circuits 
where extra flexibility is required in the smaller sizes and always in the larger sizes where 
atdid conductors would make the cable too stiff to handle. Three conductors, sizes 0000 
to 14 A.w.g. Insulation on each conductor, “Black Core" rubber compound. Covering 
over insulation, one rubber fllled tape. Grouping of conductors, twisted. Fillers, jute. 
Covering over jute, one rubber filled tape. Covering overall, lead sheath. 


the fireproofing compoimd, or of material having equivalent 
fire resisting and insulating properties. The outer layer is 
braided and specially design^ to withstand abrasion. The 
thickness of insulation must not be less than that reqmred for 
slow buming weather proof wire and the outer surface must be 
finished smooth and hard. 
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Qncv. Where shonld slow bnming wires be uedT 

Ans* IniK>tdry places, where ordinary insulatkmwKKdd be 
injured, and where wires are bunched, as cm the back of a large 
switdiboard or in a wire tower. 

A idow burning covering is considered good enough when the wires are 
enthdy on insulating supports. Its main object is to prevent the copper 
conductors coining into contact with each other or anything else. 

Ones. What must be done before using weather proof 



Fic. 5.095.*— Concentric mine cable. This is need for the reels of gatliering reel locoa»otivM 
and lor cutting machines. It has the advantage of being round and of small diameter. 
Two CQoductofi. Stranding of center conductor, flexible. Stranding of outer conductor, 
ring of wiree having total ooee eectional area equal to that of center conductor. Covcaring 
of center conductor, rubber filled tape. Covering over outside conductor, belt of **Black 
C^K«** rubber compound. Covering over belt, rubber filled tape. Covering over tape, 
two fotra tight water proof braids. 



5t09S.— Reckinghouiia cord is flexible lamp cord made to withstand rough usage in damp 
places. Two ontinned conductors, staes 10 to 18 A.w.g. bunched. Separator* eoft ootum 
wind. Insulation on each conductor* **mack Cors'* rubber compound. Covering over 
inMUatiaa. one saturated cotton braid. Grouping of conductors* twisted pab. wi Ww , 
dry jute. Covering averaU, ^ saturated cotton braidt. 

Ana. Permission to use the wire must first be obtained from 
the local inspectiem Department. 

I^w Buiiiitg Weather Proof Wire. — ^Thc covering of tiiis 
type wire is a combination of the Underwriters’ and weather 
proof insulatkms. The fireproof coating comprise a little rooie 
than half of the total covering. When the fireproof cnating is 
idaced on the outside, the wire is called ‘‘slow burning weather 
proof.” 
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san^ time it is desirable to avmd an esoess of inflammable 
covering. 

Quee. How should it be installed? 

Ans. It should be set on glass or porcelain insulators. 

Ques. For what service is slow burning weather pnet 
wire not suited? 

Ans. It is not adapted to outside work. 



Fig. 5,099. — Rubber inaulated signal wire for 660 volts or less. One or two conductors, sues 
0 to 18 A.uf.g., solid. Insulation on each conductor, Railway Signal Association com- 
pound. Covering over insulation, one cotton braid, thick, weather proof - 



Fig. 5,100. — ^Reinforced cord. Vaad in dry places for portable lamps, fans, heavy pendants 
and other electric devices for which type C Lamp (^rds are inadequate. Two unturned 
conductors, sizes 10 to 18, A.w.g., bunched. Separator, soft cotton wind. Insulation on 
each conductor, * 'Black Core” rubber compound. Covering over insulation, one soft cot- 
ton braid. Grouping of conductors, twisted. Insulating belt, “Black Core” rubber com- 
pound. Covering over belt, one glazed cotton braid. 


Stranding. — If a solid cx>pper wire be made larger in diameter 
than .46 in. it becomes hard to splice and difficult to handle, 
owing to its size and stiffness. Gmductors larger than this are 
nearly always built up of small wires twisted into a strand or 
cable. The flexibility of a cable will increase as the size of the 
constituent wires decreases or as the number of wires increases, 
and it will depend somewhat upon the method of laying up 
the cable. 

While it is possible to build up a cable from any number of 
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wires, there are certain combinations only that can be used to 
obtain a smooth and symmetrical cable. These combinations 
are gomned by well established geometrical rules whidi should 
be observed whenever possible. 

There are in general use in the United States two methods 
of specifying stranded conductor. The first and older method 
q>edfies a number of strands of such a size as to equal a r^' 
ular gauge size or a round number of circular mils, such 



F1g< 5.101. — Station cable. Uaed for connecting apparatus and machinery in power atatioai 
wid sub-atatiorM. One conductor, sizes 2.000,000 to 250,000 c.m. Insulation, varnished 
cambric. ThickneBs of insulation, depends uptm voltage and method of installation. Cov* 
ering over insulation, one saturated cottcai braid, and one flameproof braid. 



Pig. 5,102.— Stage cable, f/serf for tt.e operation of movable lamps on theatre stages. I'm 
imtttmed conductors, sises 10 to 14 bunched and 4 to 8 A.w.g,^ rope stranded. 

Separator, soft cotton wind. Insulation on each conductor. '*Black Core’* rubber com- 
pound. Covering over insulaticn, one satuiuted cotton braid. Grou(tti^ of oonductois, 
twisted. Fillers, dry jute. Covering overall, two saturated cotton brai^. 


250,000, 500,000, 1,000,000, etc. This method is objection- 
able as it almost invariably necessitates an odd size strand, 
causing delay in delivery and in some cases increased cost. 
The second method specifies a number of strands each of a 
standard gauge size. This method is preferable, and while it 
does not give stranded conductors equivalent to even gav^ 
sizes, it is near enough for all practical engineering purposes. 

Stranded conductors may either be concentric lay or roiw lay. Concoi- 
tiic lav is oonunonly used where Uie number of strands is less than 127 
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and rope lay where it is more. The flexibility of a stranded ooialu£t<xr 
dqiends on the number of strands, not on the method of ]ay« oosiceo<i^ 
trio or nope. 

The best concentric stranding is made by using one wire as a oentet 
and twisting around it six wires constituting the ^t layer, then a l^yer 
of 12 wires, then 18. 24. 30. 36. etc., each layer being twisted in the o$K 
posite direction from the preceding. Centers of 3 or 4 wires may also be 
used. 

In xope stranding the groups forming the rope are laid as conoentdc 


SrrWANOQD CONDUCTOR 



Ao. 5,103.-^tmided stiigle oonductor douUe fanidad statkin cable*. 
PiG. 5.104.— Stmided multi-cooductor band ateel armored park cable. 
Pm. S.206.— &ilid tingle omdiictor band ated an nqred park cable. 


strands, and these strands may ttoi be handled as individual wires are 
in concentric stranding. The number of combinations on rope lay are 
almost innumerable, but tlK series 7X7-7X19-7X37, etc. 19XX9-* 
19X37, etc. 27X37-37X61, etc., are the best. The tmn 
or *1>unched stranding" is applied to a collection of strands laid withotit 
repxd to their geomettical arrangment. These wLes are sometimea 
laid strai^t and hdd together with a wind or biaid of ootton, or ttiey 
are twisted togefto in a mass. The only excuse for this midhod of so* 
called stranding is cheapness. 


The fcSkmmg table givies the number of wireg in cotioentrte 
atxanding (or the groups of wires in rope straxiding) usiiig 
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centets of 1, 3 <»* 4; also multipliers to dbtaia the outside 
diemeter <d the ocmductor. 



Fkie. S«1Q0.--Sfaigle conductor stranded code house cable. Uamd in pairs for house wirint* or 
with twin wires for the neutral of three wire systems. One conductor. Sizes, No. 14 
and all larier siaes. stranded. Insulation "Black Owe** rubber compound. Covering over 
hMilatioa. one saturated braid, two saturated braids or rubber filled tape and one sat* 
urated braid. 


Number of Wires in Concentric Stranding 

(According to Okonite) 


Center of 1 

Center of S 

Center uf 4 | 

Nambar 


Number 


Number 


of 

Straadi 

MultliiUer 

of 

Strands 

MoitipBcr 

of 

Stiiiiide 

MottfoUer 

1 

1 

3 

2.1647 

4 

2414 

7 

8 

12 

4.1647 

14 

4.414 

19 

6 

27 

6.1647 

30 

6.414 

87 

7 

48 

8.1647 

62 

8.414 

et 

9 

76 

10.1647 


ia414 

91 

11 

108 

12.1647 

114 

12.414 

m 

13 

147 

14.1647 

164 

14.414 

m 

16 

192 

16.1647 


16.414 

217 

17 

243 

18.1647 

262 

18414 


Aeomples.* 

Cboooitnc Stranding. 

FWi djameter of conductor having: 

37 atrandB No. 14 A.w«. (.06406*) 

Diameter-7X X)6408' - .4486*. 

TSUe can also be tued for multiide oondnetor caUe, u fbOom: 
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Rope stranding: 

Find diameter of conductor having: 

7X19 (133) strands of No. 14 A. W. G. (.06408-') 
diameter « 3 X5 X .06408-' =* .9612-' 

Find diameter over conductors of a multiple conductor cable oonsistiiig 
of 27 No. 14 A.w.g. solid, each with wall insulation plain: 

No. 14 -.06408-' 

Insulation, $6-' X 2 — .09375*' 

Diameter over insulated conductor- .15783" 

Diameter over conductors « 6. 1547 X .158" - .9724". 

To obtain the outside diameter of the finished cable, addition must be 
made for tape, braid, lead or armor. 

Due to the twist in the strands the weight of a stranded wire is greater 
than the equivalent solid wire. The resistance is also greater, as the 
current apparently follows the strands instead of flowing parallel with 
the axis of the wire. 



Vic- 5,107. — Code house cable, three conductor solid. Uaed for wiring buildings esperiaDy 
for use with three phase machinery. Three conductors. Sixes, 20 to 14 A.w.g, Insulatioii 
on each conductor. “Black Core" rubber compound. Covering over insulation, 2 to 6 
A.w.g., one rubber filled tape, 8 to 14 A.w.g , one saturated braid . Grouping of conductort, 
twisted. Fillers, jute. Covering o 'er jute, one rubber filled tape. Covering overall, ona 
taturated cotton braid. 



Pig. B.lOe.-^Three-conductor stranded code house cable. Vm«d under the same oondStiOM as 
soUd three conductor code house cable unless greaUr flexibility is required, especiaHy In 
the larger sizes. Three conductors, sizes 0000 to 14 i4 .w.g., stranded. Insulation on each 
conductor, “Black Core’* rubber compound. Covering over insulation, 0000 to 6 
one .rubber flUed tape, 8 to 14 A .w.g., one saturated braid. Grouping of conductors, twisted. 
Fitters, jute. Covering over jute, one rubber fitted taoe. Coving overall, one saturated 
braid. 
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The generally accepted figures for increase at both weight and reriat* 
anoe over solid wire are 2% for concentric and 4.04% for rope stranding. 

Cables. — ^By definition a cable is a single coi^per wire, or 
strait of such wires, heavily insulated and covert by a coated 
metal sheath or envelope, for the purpose of telegraphic com- 
munication or electrical distribution. There are numerous 
kinds ofcables designed to meet the varied requirements. With 
respect to the conductor, cables may be clas^ as 

1. Single conductor; 

2. Multi-conductor. 

The classification refers to the number of electrical paths 
and not the number of wires. Thus a single conductor cable 
may have only one large wire or for flexibility, the conductor is 
composed of a number of fine wires grouped together, stranded 
and covered by an outer insulation. 

A multi-conductor cable consists of a number of individually insulated 
wires (either solid or stranded) which may or may not be grouped together 
within an outer covering. 

Sometimes an outer sheath of lead, steel wires or bands is placed over 
the cable. 

The term ‘*cable” is a general one, and in practice, it is usually applied 
only to the larger sizes. 

A small cable is called a stranded wire or a cord. A stranded wire k a 
group of small wires, used as a single wire. A cord k a small flexible in- 
sulated cable. 

A stranded wire may or may not be insulated. A cord must be insu- 
latfid. Thorek no sha^ dividing line of size between a cable and a stranded 
wire, or between a stramded wire and a cord. 

The accompanying cuts show the classification above inmtioned. 
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Volt Single Condnetor Oil FiUed Calile.-~Whiie the 
power generated from local plants in heavy centers oi industry 
and populaticm is distributed locally at abwt 13,000 or 25,000 
volts, system interconnection lines and long distance trans' 
mission lines require considerably higher pressures in the order 
of €6,000, 132,000 and 220,000 volts. 

In most situations of heavily built up centers, it has been 
impossible in the past to tie Ihe higher voltage lines directly 
to the distributing stations and substations, and. recourse has 
been made to underground cable lines of 33,000, 45,000 and 
66,000 volts comiecting to the higher voltage overhead lines 
through transformers located at substations on the outskirts 
of the city. 

One of the principal aims of the design of the new tsrpe or 
oil filled cable, which by one step doubles the highest under* 
ground operating voltage used heretofore, is to do away with 
these outside intermediate substations by bringing the higgler 
voltages directly to the ultimate distributing centers. The eco- 
nomic and operating advantages thereby obtainable are savings 
of intermediate substations, transformers, switch gear and at- 
tendance, reduction in number of underground cables, savings 
in synchronous condensers increased efficiency, improved reg- 
ulation and improved stability of parallel operation of local 
plants with the outside sources of power. 

The hxsd relative values of these savings will not be available until 
there is secured from actual experience the relative carrying capadty of 
the oil ilied cables in contrast with the ordinary type of cat;^ aoUd 
insulation. 


The theory of the cril filled cable is that through tt$ eol^siUe 
oil ruervoin it rapondt rtadUy to ookmutric ckmgts m oil and 
tabk dut to temperature changes. 
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In this manner, the whole cable is kept constantly filled with dil under 
pressure both in the hollow core of the conductor and throughout the sur* 
rounding insulation. The unique advantage of this type of construction 
therefore, is that should the lead sheath expanded or distorted, or the 


CCHTRAL OIL DUCT OIL 0UCT5 IN LEAD SHEATH 



FlCS. 5,109 and 5,110 — Two types of oil insulated cable. Fig. 5,109, central oil duct; fig 
5.110, oil ducts in lead sheath. 



PlO. S,1 11. ’-General Electric single conductor 132,000 volt cable showing constmctkm. 


S, 112.— General Electric three conductor 45,000 volt oh allied cable. 
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To obtain this action, it is neoesaary to have inside the cable a passage 
which connects the reservoir with every point of the dielectric. 
fiastare can be obtained readily by stranding the copper wires of the con^ 
doctor around a metal siural, thus leaving a amgle central passage, as in 
fig. 5,109, or by shading the lead sheath as in fig. 5,110, thus makhv 
several longitudinal paths which can be connected to the reservK^. This 
diminates the danger of formation of empty spaces due to the contraction 
of the oil. 

The presence of a longitudinal path makes possible the evacuation and 
impregnation of the cable from both ends after it has been leaded. On 
account of its small volume, laboratory pumps can be used and a high 



Pig. 5.114. — Diagram of one section of oil filled cable showing resr^^rvoir. pressure tank stop. 
Joints, etc. 


vacuum reached. In addition to this, a special process has been worked 
out to purify the oil from the gases in solution, before impregnating the 
paper. In tlus way it is possible to obtain a cable practically without any 
occluded gas from the start and also to maintain it in such condition during 
operation. 

The pressure tank as shown in fig. 5,114, consists oi a strong metal tank 
full of oil which has inside a certain number of air tight cells, with col- 
lapsible walls, full of gas. The tank is connected with the lower end of 
the cable and for this reason the oil in it and the gas inside the cells are 
subjected to the pressure corresponding to the static head of oil tvom the 
reservoir. 

When the cable cools down, the pressure at the far end of the section 
drops below the static head and the gas endosed in the coUapsiUe 
increases in volume, and pushes out the oil from the tank into the cable. 

At the first moment of cooling , the pressure tank is subjected to a hydro- 
static pressure dven by the head of oil from the feeding resfsrvoir, and acts 
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exactly as an open tank connected at the lower end of the section, at the 
same level as the feeding tank. In this first moment, therefore. Iialf of the 
cable will be fed by the feeding tank and half by the pressure rank, ^t 
after a certain len^ of time, the pressure inside the tank and in the gas 
cells will be smaller on account of the volume of oil having been fed back 
to Uie line. 



^IG. 5.115. — Feeding tank (or oil filled cable. 


Each standard section of the line consists essentially, as shown in fig. 
5,114, of: 1, two stop joints which close the central oil passage in such a 
way that the oil of one section has no connection with the oil of the next 
seetkm; 2, one set of feeding tanks which gives oil to the cables; and 3, in 
certain special conditions, a pressure tank which supplements the oil supply 
to the cable. 


TEST QUESTIONS 

1. What is a cable? 

2. Define the term conductor. 

3. What are the desirable features of copper whUdi makes 

its use valuable for wires? 

4. For what services are copper wires used? 
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5 . What kind oj wire is used Jor telegraph and telephone 

lines? 

6 . For what is German silver wire used? 

7 . Give Matthiessehs standard for resistance of copper 

wire. 

8 . State the relative conductivity of different metals and 

alloys. 

9 . What metal is used most for wires? 

10 . When are stranded conductors used instead of single 

conductors? 

1 1 . What protection is given to wires for most conditions 

of service? 

12 . Name the various forms of covering for wires. 

1 3 . What are the advantages of rubber insulat ion for wires ? 

14 . What are weather proof wires, and where are they 

used? 

15 . What is a slow burning wire? 

16 . How does slow burning weather proof wire compare 

with weather proof wire? 

17 . Where should slow burning weather proof wire be 

used? 

18 . Is it possible to build up a cable from any number of 

wires? 

19 . Name two methods of specifying stranded conductor. 

20 . Is the weight of a stranded wire greater than that of 

the equivalent solid wire and why? 

21 . What is an oil filled cable and what is the oil used for? 

22 . Describe theory of the oil filled cables. 

23 . Are oil filled cables used for low or high voltage? 
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24 . What are the highest voltages used for power trans^ 

mission by means of cables? 

25. What is meant by the term "sector cable”? 

26 . What is a duplex cable? 

27 . How are cables generally classified? 

28 . State the advantage and disadvantages of weather 

proof wire. 
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CHAPTER 100 

Joints and Taps 

The author objects to the careless and erroneous iise of the 
tern» joints and splices. There is considerable difference be- 
tweoi a /otnf and a splice. 



Ftc. 5»116.— -Martindale insulation 9cnper, 

Fig, 5,117 .—Austin cable ripper for removing outer braid. 


By definition a joint is iJk tying together of two wngh vriro eonduoton 
so that the union will be good both meehmkaUy and ^edrieaUyn 

A spike is the intorlaging of the strands of two stranded eondueUnrs so 
that the union wiU be good both mechankalfy and eleetrieoBy. 
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Maldneaidnt tapor^oe comprises the operations of 

1. Removing the insulation; 

2. Cleaning the conductors; 

3. Tying, or interlaying; 



JoiMs mad T^s 




4. Sddeting; 

5 . Tap(e)iiig. 

The subjects of splices, sddering and tap(e)ing are taken 19 
in separate dbapters. 

Bemoving the Inaalation. — In preparing insulated conductors 
for making jdnts or splices, the insulation must first be re- 
moved from each conductor a proper distance depending upon 
the type joint or splice to be made. 



Flo, 5»4JK). — ^Method of wing knife in stripping insulation. Hold the blade so that it win 
lie flat with the wire to avoid nicking the latter. Stripping with a knife is not lecommeoded 


This process is sometimes called skinning or stripping. This operation 
is usually perfcnmad in a questionable manner by the use of an ordinary 
knile blade resulting in loss of time and probable nicking of the wire. 

For a single wire conductor a fonn of scraper such as shown 
ki fig. 5,116 ^ould be traed. 

The method of uaog a ripper (fig. 5,117) is ebom in fig. 5,121. The 
imulation of a duplex caUe should fint be ripped eriUi a tra stidc; thee 
the insulaticm from the s^xuate oonducton te removed «hh a actaper. 
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If a knife must be used, do not cut insulation crosswise the wire, but 
peraM witii the wire as in fig. 5,120. 


Cleanfaig the Ccmductors. — ^After removing the insulatioa, 
the wires must be thwoughly cleaned to insure good electiical 



FUa. 5.121 ."—Mettiod of using Austin cable ripper. In operation, squeeae and pull. Thia 
I tlia cutter to sink into the outer br^ and rip same. 

TWIST 




Ftoa. 5.122 and $.123.^Twisu and turns. In making twists each wire Is wr a pped around 
tlw other* whereas in maiciag tarns one wife remains stiaidbt, the other wfau bdhg wrapped 
around tte straight wire. 
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Flos. 5424 and 5425.— 'Ball Amiirar*# Joint 2. Strip off 3 iat. of inmUtion firom end cl 
•cell wit* and dean. 



Flo. 5426^Ba21 hangor^n Joint 2. Bring wires together and make ona tom as diovii. than 
nddfintwirewithhandand twist second wire with pliers. Siinilariy twist first win. The 
%wistlng may be done by hand for small wire, hut for large win, pliers an necessary. 



Fio* 5427.— Bell Bemter'e Joint J. Appsa r anee of completed Joint befona eoldering and 

tap(s)in«. 
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contact between the ends of the wires and so that the sbldar 
will adhffie properly. The wires may be cleaned by soaidng. 

If tUb be done with a knife, care should be taken to avoid idddog the 
wire. Sand paper may be used to clean the wires. 



Figs. 5,L2S and 5.129 — Turn back Joint 1. Strip off 3 inf. of i mlation from one wire and 
5 ine. from the othei and clean the eapoeed ends. 



Fto. S430«— 2 ^a back Joint 1. With the aide of the whee tofMber twiet the wireet vkkm 
pUere wd loaviiif about one indi etxaigbt at tba end. 

Wm.S,m^TurnbmBk Joint Tiini bade tlm long wim imta It heoom paMlIdw^ 


Flo. 5.132 .— TWa book Joint d. Tm tha twoetraigbt andi arooad tha leog wbobotwiMi 
thatwIdedpordQoaiidthaihiiilatioo. threconplatinctlmioft^ Tbani aboeld bo 4 
awsigbt Wirt laft altar twistior to make eemrd tame. 
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Jslmta . — ^Thete is a multiplicity of jomts deagned to meet 
tlie taquiremente of differait kinds of wiring. The duty to be 
performed by a joint determines the kind to be used. 

In M»ne cases aH that is required is that the joint be dectrka&y good 
as for instance the pig tail splice used in junction or fiitiire outlet hoami 
in other cases, the joint must be both electrically and mechanically good, 
as for instance, joints on an overhead line must be made so that tey ar!B 
withstand oonsiderabie tensile stress due to weight of the suspended con* 
doctor 

There are a number of joints extensively used of which the 
following should be noted: 




Fig. S.133.— Weiteni Union joint complete. 



1. Pig tail; 

2. Bell hanger’s; 

3. Western Union; 

4. Turn back; 

5. Britannia; 

6. Scarfed; 

7. Duplex. 

Tht pig laU Joint as befcce mentioDed is siiitaUe for aerrioe where there 
ie no mechanical atreae aa where wires ue to be connected in an outlet 
box, ewitdi or conduit fitting. Figs. 5,118 and 5,119 show the method of 
naddng this joint. 

Tkt btU kmgor’s joint was, as its name impliee. originally intended far 
hefi dreuits, faowew on account of ita being not only etectrkadly and 
mechankaUyetraBg, but abo compact, it heanumeroui other usee where 
the ten^ stteae le not too great. 
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The joint consists of one twist and no less than five turns of each wire 
about the others. The difference between twists and turns is shown in 
figs. 5,122 and 5,123 and the method of making a bell hanger’s joint in 
figs. 5,124 to 5,127. 

Tht Western Union joint is a modified form of the bell hanger’s joint. It is 
made in the same way as the bell hanger’s joint with the exception thaf* 
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WRAPPING WIRE 
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Pigs. 5434 and 5435. — Britannia Joint 1 . Bend up at right angles the end of eadi WiSi, 
Use a hand vise and hammer as a Sharp bend cannot be made with pUert. 

Pig. StlSe.Srittania Joint 1. Place the wires together so that they overlap about S laa. 
Pigs. 5.137 and 5,138. — Britannia Joint S. Assuming the wixes to be iohied are Nb. 6, 
uaeaNo. 18 wrapping wire. Take about 6 ft. of the wrapping wire, dean it and bend hi half ^ 

a number of twists are taken instead of one. The object of the extra 
twtets is to make it iiKiie ^cmt mediamcaUy as the ten^ stress bitMiil^ 
on these joints is considendile. Fig. 5,133 shows appearance of the com* 
pleted joint. 
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Tk$ turn backjauU U useful in connecting two wires that must be drawn 
taut. 

The Britannia Joint is sometimes used on oveitiead lines where conaidin’* 
able tensile strexigt^ is required. It is also used both for inside and out- 
ride wiring where single conductors of sizes No. 6 or larger are used. Figs. 
5»134 to 5»141 show how the joint is made. 



Fio. 5,139. ^Oritannia Joint 4» Place the center of the wrapping wire at the center of the 
joint and wrap each half toward the ends of the joint. 




Fio. 5.141 . — Brtiannta ^olnf S, With the portion of wrapping wire remaining after puBhig 
through, make a few turns around the large wires at each e^ of the joint. 

A scarfed Joint is used on large wires where appearance and compactness 
are the main considerations and where the joint is not subject to any 
heavy taisile stress. The method of making the joint » rinown in figs. 
5442 to 5444. 

A duplex Joint is used in conduit systems where twin wires are used* that 
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h, two wire cables. It will be seen from the illustiatiosi that the Joint 
consists of two bell hanger's joints spaced so that they do not come op- 
posite each other. See figs. 5,145 to 5,148. 


3 — 





Figs. 5,142 and 5,143,^8earf Joint U Tht ends of the two wires to be joined are scarled 
tt here shown, that is. filed wedge shaped. The scarf should be about 3 ins. kmg briashig 
the ends to a fine point «M»inni r a good fit. When filing, the ends of the ccmducton are 
neat conveniently held by laying them in a groove in a block of wood. The wires when 
fitted tocether should appear like one continuous wire. 



FlO. 5,144 . — Scarf Joint 2, Tin the ends, then wrap with No. 18 or No. 20 wire, staitiiig 
at tte middle of the joint and wrapping toward the ends similarly as with the Britannia 
joint, eaoept that the ends instead of being pulled through are wrapped a few turns beyond 
the ends of the jmnt. Solder the Joint. 



Ftaa. 5,145 and 5.146 . — Jhiptax Joint /. Skin or remove about 3 ins. of the outer braid 
from eedi cable and remove ins^tkm from each wire aa shown, that is. so the joints will 
not come opposite each other. 



Psos. 5.147 and 5.14S.-*Biy>laa Jotnt 2« Make up jointa. Fig. 5.147 shows one joint aunda 
and fig. 5.148 both jetots oomplele. Note that these joints do not oome oppoiita aaali 
Other, thwa flying better inwil a tkm. 
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Tips. — ^By definitioii, a tap is the comeciion of tke md of cue 
Mwtv to tom point along ike run of another wire. 

As with joints, there are various taps to meet different con- 
ditions. The following ^ould be noted. 





Fto. 5»149 . — PImin tap 1, Remove about in. of insulation along the run wn and aboot 
3 ina. at the end of the tap vrire. Cron the wires about H in. from inaulatkm and take a 
Mk. 



Fig, 5tl50.— Plain fao i. Take 5 or 6 turns of the tap wire around the run wire. Note that 
the joint should terminate about H bi- from the insulation on the run wire. This pemdta 
WMeHna without burning the insulation and gives better chance for tap(e)isig. 



Fto.54Sl.--darlaieap. The long twist la to give isBbitttF* In maieliif. the Joint lesoteil 
m the turn, the ioag twist be^ Istt free. 
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1.. Plain; 

2. Aerial; 

3. Knotted; 



Pigs. 5,152 and 5,153 . — Knotted top i. Remove IH to 2 tnt. of iiMulation from run wirs 
and 3 ins. from tap wire. Make knot as shown in fig. 5,153 and note carefully how it Is 
made. 
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4 . CtoBs: 

a. Doable; 

b. Duplex; 

5. Wrapped 





Flo. 5»155 . — JktubU eroam tap. For this tap remove about 2Vi ioa. of inanlatkm fitom the 
run wire and about K in. from each tap wire. Each tap is m^e as describ»l for the 
taps; the taps starting at the middle of the joint and running in opposite directions. 




Flo. 5,t56.— l>4plia eroM feys.— Remove about 2 ins. of insulatioo from the run wira and 
about 3 ins. from each up wire. Bring the two tap wires acroaa the nu wim at OM end of 
tbs joint and double twist the ends of the tap wires. 
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The plain tap is the one most frequently used and is quickly 
made without difficulty as is seen in figs. 5,149 and 5,150. 

The aerial tap is intended for wires subjected to considerable 
movement. It is similar to the plain tap except that it has a 
ct easy twist as in fig. 5,151 to permit of movement. 




TAP WIRE 




] 


Flos. 5,157 and 5,158 . — Wrapped tap 1, Uaing a No. ^ ’vire remove about 4 ins. of insula^ 
tion from both wires. 



Fig. 5.159 . — Wrapped tap 2. Bend the tap wire in the shape of an L with bend about 1 in, 
firm inmilation and place it akmg the run wire as shown. 




1 

IS 

i 


II 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


Fig, 6,ldO.*-fFt«ppe«f Tapd* Wrap in a simttar tnanstr as deacribed for the Bfitae^la 
joint hfs 5.199 to 5.141. 
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A kruAted tap, as must be evident, is designed to take con- 
siderable tensile stress and is made as diown in figs. 5,152 
to 5,154. 

A double cross tap is simply a cpmlnnation of two plain taps 
as diiown in fig. 5,155. 

Tlu duplex cross tap i^ used where two wires are to be tapped 
at the same time, because it can be made quicker. Fig. 5,156 
riiows its features. 

A mapped tap is used on wires too large to wrap around the 
run wire. The joint is ntade as shown in figs. 5,157 to 5,160. 


TEST QUESTIONS 

1. What is the difference between a joint and a tap? 

2 . Name five o per at iorvs to be performed in rruxking a Joint 

or tap. 

3 . What names are sometimes given to the operation of 

removing the insulation from the wire? 

4 . What is the usual tfwugh wrong way of removing 

insulation? 

5. What should be done after removing the insulation? 

6. What is the difference between a turn and a twist? 

7. Describe the bell hanger s Joint. 

8. Describe the turn back Joint. 

9. For what is the pig tail Joint suitable? 

10. For what is a Britannia Joint sometimes used? 

11. What is a scarf Joint? 

12. Describe the operation of making a duplex cross top 

13. Describe how the various laps are made. 

14. What kind of tap is most frequently used? 
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15 . For what is the aerial tap intended? 

16 . For what service is the knotted tap intended? 

17 . When is the duplex cross tap used? 

18 . What is the feature of the wrapped tap? 
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CHAPTER 101 

Splices 

As pointed out in the preceding chapter there is considerable 
difference between a joint and a splice yet the word splice is 

J 


I 
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commonly thoui^ incorrectly used for joint. The latter tenn 
relates to single wire condiictors and splice to multi-wire or 
stranded c(mduct<»s.* 

For this reason the author excludes splidng from the chapter on joints 
and taps as it is a different subject. 

RuBiiiBg Bntt Sidice. — ^The term running butt relates to 
splices formed by butting together the ends of two cable lengdis 



to extend the run or lei^^ of circuit as distingui^ied from tap 
e^ces later described. 

According to the method of wrapiang the strands, runnii$ 
butt splices are dassified as: 

Aeeoi^tffnir to thm ale3tofiara» tlie word iplioa it defined ae $0 nnUt Uito f0p0$ 
m pmu of 0 f0p0) M h iftUnssmini or iiOsrtwMmg f St jfrendt. Sinoe ri n dle cqnd mj wHt 
see not unde p*> ai etuade the iraed epUoe dou not %ppiy to them. 
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1. Sinfl^ mapped; 

2. Mtdt^ mapped. 






fIM. «nd Mvrmpp^^^UmU KwiMWi ibmtt 3H Im* d iimdit k wi 

Mcfa luid ‘"Lw**? ffrh ftrand* 
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Siiigie Wra^ed S^iee.-^-This kind of ^lice is used for large 
wires ^o. 6 or larger) because it is easier to wrap a ong^ wire 
at a turn than to wrap them all at once. 



'.lo. S,17O,'^Muitipt0 wragkpmd pptiem 1. Lay up the strands for a distance of 1 in. kom 
the insolatian. Fan the free ends and butl (ogether properly intertwining the strands. 



PlO 5,171 . — Mfuitipit wrupped ppliee S. Wrap tightly the strands of one cable aromid 
the laid up poitioa of the other cable. Similarly wrap the strands of the other cable. 

Fw a No. 4 or No. 6 wire the insulatioa is removed from the ends of the 
cable a distance of about 6 inches, larger sizes in proportion. The method 
of making a single wrapped splice is illustrated in figs. 5,161 to 5,167. 

Multiple Wrapped Splices. — ^This method of wrapping is gen- 
erally u^ on small cables because the strands are flexible and 
all can be wrapped in one operation. A three strand cable is 
selected so as to clearly show the method of wrapping. 

In this sfdioe all strands in each group are wrapped simultaneously and 
paraM with eadi other. Figs. 5,168 to 5,171 show the various opera- 
tions. The strands are No. 20 wire and ar*e>aggecated in size in the iSua. 
trations for dearness. 
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Tap Splieea. — ^These are made a^ien the end of one stranded 
conductor is to be connected at some point along the run of 
another stranded conductor. 
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2. S{dit; 

3. Y sjdice. 

_ In the method of wrapping they may be eith» nngly wra pped, or mut 
tiple wrapped, the choice depen^ng on the size of the strands. The ac- 
oonqienying illustrations show the various tap sidices. 



Flo. 5,176 . — Y cplfo# 1. Remove ineulation to a diatanoe depending upon the eiae ot i 
Interweave the tap win etrandi through the run wire etrande at one end of the epUce and 
twiat up the ran wire etrande in the original directior. 



Vko, 5.177."— r gpIlM f. Ughtlr wrap the •traade of the Up wife around the run 
ahhur bf the aingle or uultiide method, depending upon the te of tbh whoa. 


‘ ^ 
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TEST QUESTIONS 

1. Whal is the difference between a splice and a joint, or 

a tap? 

2. What is a running butt splice? 

3. Name two kinds of running butt splice. 

4. Describe how to make the single wrapped splice and a 

multiple wrapped splice. 

5. Describe how to make: 1, ordinary tap splice; 2, split 

tap splice. 


Soldering and Tap(e)ing 
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CHAPTER 102 

Soldering and Tap(e)ing 

By definition, soldering is the act or process of focmiiig 
joints upon <x between metallic surfaces, by means of a furible 
alloy or solder, whose melting pmnt is lower than that of die 
metals to be united. 

Sfdder. — ^The word scdder is a name for my fusible attoy used 
to unite different metal parts. 

In electrical engineering the solder used is practically always an alloy 
of tin and lead. As the electrical conductivity of such an alloy is usmlly 
about one-seventh that of copper, the best joint between ooppex oonducteri 
is made hy bfinging the copper solaces as close together as possible and usbtg 
a tninimum solder, 

Sddering. — ^Briefly the theory of soldering is that: as ike 
solder adheres to and unites with the surface of the copper when 
the bit is tinned, so will it adhere to and unite the surfaces of the 
metals to be soldered. 

The operations to be performed in soldering are: 

1. Cleaning the surfooe to be sc^lered; 

2. Heating the bit; 

. 3. "Tinning” the tut; 

4. Applying the flux; 
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5. Piddng up solder; 

6. Allying the bit. 

These six operations constitute, in general, soldering. They are per* 
lonned in various ways depending upon the nature of ^ work. 

The essential conditicms for successful soldering are: 

1. Clean surfaces; 

2. Correct temperature of bit; 

3. Careful fluxing and tinning. 

When these ctmditicms are given proper attention the art of 
sohlaing without profanity, pnesents no difficulties. 

Methods Stddering. — ^There are several ways of perforraii^; 
the essmtial (q)erati(nis of soldering and as jsevioudy men- 
tioned the choice depends upon the' nature of the work. The 
methods mostly used are: 

1. Sddering with bit; 

2. Soldoing with gasoline blow torch; 

3. Soldering with alcohol blow tordi; 

4. Sweating. 

ill of which are later described in detail. 

SkddaiBg Flans. — ^The word flux, means a substemce appUed 
Ui a meUU U> make solder flow readily on its surface. 

The action of a flux is basely that of deai^ the surfooe, and of re. 
dadng any oxide on the surbice to the metallic state. 

If a piece of sheet copper be carefully deaned by means of emery doth 
, and heated over a gas flame, the surfm will be seen to tarnish rapidly 
and assume a dark brown appearance. A amall piece of resin dropped on 
tbe surface will melt, and when the Uquld runs, the initial brightness Of 
the Burfsce wiU be found to reappear. 
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Time 9xe a number of fluxes suitable for various kindsof soldiering, but 
pine amber resin is the best for electrical work as it does not cause oorro- 
doii, A corrosive flux, such as zinc chloride solution (killed iqririts) should 
be strictly excluded frmn any electrical work. The nature of the adder 
often determines the flux. For soldering copper and brass, use sal-am- 
moniac as flux, 

Solderiiig Bdts or Bits.— The erroneously called soldering 
'inm*’ or bit consists of a large piece of copper, drawn to a 



Ste. 5 ,i78.-'-Om of tolderinc ladle in loldering an overhead pig tail joint as fromaoeiliag bos. 
Ai la# Unf perhaps too much solder will adbera to the joint and if so this nmf 

be oorieeted by^ auba^uent dipping which heats up the twisted wiiea ao tha** the eaoen 
solder will fall back into the ladle. 



Fm. a,179.<-*Ordhiary soldering bit. laoorrectly called seM«nnf trsn. 


point or edge and fastened to an iron rod having a wooden 
handle, as shown in hg. 5.179. 
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nuilitg the Bit. — ^Preliminary to soldering, the bU must he 
coated with solder, this operation being known as ''tinning.” 

To tin a soldering bit, heat it in a fire or gas flame until hot 
enou^ to melt a stick of solder rapidly when it is lightly 



Fkss. S.180 and 5.181. — ^Tinning block for electric eoldering tool. It b made witb tivo eoft 
bricki. One brick it uaed to rapport the eolderiag to<d, and the other to contain the tin* 
ning material and to furnish a material which will keep the copper bit bright enough to 
, oeive ita coating of **titt.*' Fig. 5,181 shows part of the tinning brick in section* whidi is 
' scooped out on top as shown by the lower line. Into one end of the hollow in the brick, 
some sal-ammoniac is placed to help tin the copper bit. Sal-ammoniac is a natural Afk 
lor copper and aids gre^y in keeping the tool well tinned. Some melted solder it mu Itif I 
the hollow of the br>Jc, and enough resin to fill the cavity nearly to the top. 
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felt when it is held close to the fece, as in fig. 5,186. When bat 
enough clean up the surfece of the copper with an old file, or 
scrape it on a brick. 

If the temperature be too high, the copper surface will be 
found to tami^ immediately, in which case the soldering tnt 
must be allowed to cool slightly and the cleaning repeated. 

When the surface only tarnishes slowly, it is at the right temperature 
for tinning. Take a piece of tin plate (ignorantly called sheet tin or just 
**tin") and place on it some solder and flux, and rub the bit on same. The 
process of tinning is shown in figs. 5,182 to 5,184. 



Figs. S.182 to 5,184. — “Tinning" the bit. Fig. 5,182, cleaning bit by filing wocktng wirfacee - 
with an old file; fig. 5,183, rubbing the bit on the flux and aoider, which may be conveniently 
pieced on a piece of sheet tm as shown; fig. 5.184, removing surplus solder by giving each 
aide of the bit a quick stroke over a damp ra^. 


After the molten metal has spread over the whole of the surface which 
it is desired to tin, the superfluous solder is wiped off with a dean damp rag. 

The surface should present a bright silvery appearance when 
properly tinned. 

Once a soldering bit has been well tinned care should be taken not to 
overhf^at it. If the bit at any time reach a red heat it will be necessary to 
repeat the whole tinning process before it is fit to be used again. No good 
work cm be done with an untinned or badlu tinned bit. 

If the bit be forgotten and left in the fire, heat to redness and then plunge 
bilo odd water, when most of the hard ovkltaed surface will acale oS. A 
soft coal fire will quickly destroy the tinning. 




Soldering and Tap(e)ing 



Soidering aad T9pC0)iag 


3»t43 


— Resin which is recommended as a fltix 
comes in lumps, but it can be granulated by grinding it in a 
coffee grinder or by hammering. 

The resin may be sprinkled over the surface to be soldered or may be 
appted in liquid form by dissdymg in alcohol. In the liquid fcMrm it 
may be applied with a brush as in fig. 5,185. Resin is sooietiiiies called 
rosin. 


i^^ying the Solder. — ^The method used in aiqjlying the 
sddW to the parts to be soldered depends uptnl tte nature 
the work. It may be applied by: 



FkG. &4S7. — ^Piddag up tcrider with a hot bit. This it the prop e r imwii wutit. 

Rett the bar of tdder on tome support as a brick or piece of wood and touch it with the 
and of the hot bit. Some of the solder will melt and remain on the bit. in picking up 
eoicler from the stick, care should be taken not to leave the bit in contact with tlm colder 
too long or some of it will drop off. The larger the bit and area tmned« the more aolder 
wiU the bit hold. 


NOrS.-^Oit ^Uetrieal work -the Underwriters’ Code pennits the use of a Suz 
of chloride of sine, alcohol, glycerine and water. This preparatka it eaeUy applied and 
remains in place. It pennits the solder to flow freely and it not highly corroaive. This flog 
it made as loUOwe: Zinc chloride. 5 paru; alcohol. 4 parts: glyceriiie. 3 parts. Aidiydroye 
siiie ddovide crystals should be used dissolved in alcohol. The glycerine mekee the dux nd- 
haelvn. To invent the alndad igniting, the mbmue may be diluted with water. Thm are 
a number of prepared flume on the market, but ere not to be recommended of dm 

ridicitloiiity hikh prioee demanded. For oloeMeai work, wpteiotly wkm ttry emaff $rim 
•re mud, tosin skeuM ke fasisfed upon to oooid eny rerrsskn. No one flux can be amlipKiil 
lo atty mm metal as being peculierbr adapted or fitted to that metal for aU piirpoeca The 
msum of dm edder often determines the flux. 
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1. Piddng up; 

2. Melting on the wcn-k. 

For ioldering small wires, the first method is used. The sdder is pkkid 
up as in fig. 5.187. and then applied to the joint, as in fig. 5.189. Since 
Aeof rtse 5 . die bit is more efficiently applied imdemeath the parts to be 
sddered. The difficulty encotmter^ with such application is to retain 




#tos. 5*188 and 5.188.— Soldering •mall wire connectione 1 > 3 r the picktng up method. Tie oas 
•Me only of the hit. If the bit be already tinned on all four facee fih. bit clear down to 
oopper on all but one tide and apply aolder aa in fig. 5*188. The bit ia now ready aadfSiiy 
be need without the annoyance of the eolder teaving the woricing face or droppiiig on fha 


the adder at the right place on the bit. This is accomididied by 
only one face of the bit as A in fig. 5,186. which wiU cause the mdted idder 
to remain on the upper or tinned face, so that the soldering is mi^ dbns 
as in fig. 5.189. 


Ttie seoxad method melting the solder on the work h • 
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top method, that is the tiick of aolder is held (m top the 
work. 

The bit is more efficiently ai^ed froin below as before stated^ as it al- 
fows the beat to rise mating the solder and allowing it to fiow into the 



fto. S,l90.*-M«tliod of ■tSdering by nwltiiig the nider on the work. Thie ie mMilIf a 
e# method end requiree a hotter Mt than the picfcing up method ehown in Sfi. 5»iaS sad 

crevices. When it is found iznposnble to apply the heat from below, the 
•Oidering copper may be placed at the top, as in fig. 5,190, ki which cate 
It will be fotmd necessary to increase the beat of the copper. 

fihddcciaf with a Gasoliae Uow Torch. — Instead of applying 
the heat for soldering with a Ut, it is sometimes more 
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ooavenHSitly done by applying the flame of a bknr tordi 
direct to the wmrk. 

Theopmtionof a blow torch is explained in fig. 5,192, and of a gaaoliiift 



Fig. 5,191. — Gatoliiie torch with rests for holding soldering bit.' in comtruetinn A, it ■ 
hftnd air pump, which may have automatic, or hand operated valve; B, is the reser voir ooit- 
tahiuig gasoline and compressed air, the latter being furnished by the pump. A valve V, 
pieventa leakage of the compressed air through pump. A pipe C, proje^s to bottom of res* 
arvoir, as indimted by dotted lines, and connects with vaporiser £, through needle valve 
F. A trough D, is for holding a small quantity of gasoline to heat vaporiser £, in starting. 
Taro supports H and G, clamped to the vapostser support a soldering bit so that it will rest 
in the dame in heating. In operation, the reservoir is filled about two-thirds full through 
filler plug and the pump given a few strokes to compress au* in the top of reservoir. After 
heatte vaporiser F, with a little gasoline traced in D, needle valve F, is opened slightly. 
Ths gasoline under pressure on the reservoir will dow through needle valve F, into ths 
Vaporiser and ignite. As the vapor becomes hotter the valve may be given more opening 
and when fully heated an almost odorless flame of great heat will issue from the end of the 
vaporiser. Air supply is admitted into the vaporiser through the small hotel shown* In 
iMd^gtfaasnppo^H,G, care Should be taken not to cover any of ths air botes, haoMasa 
this vw cause a poor dame. 


ton^ in fig. 5.191. After fluxing, the i<fint or eptkeis heated shove the 
mdting p^t of eoMer. The latter is apidied from the top so that it wfil 
Sow aU over the wires and into the crevices. 
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For mall wire connections a mouth or pin jUnm alcobot blow tordi' 
dMwdd be used as dxnm in fig. 5,1%. 

Sweating. — In this operaticai the surfaces to be joined are 
deaned, heated, fluxed and covered with a film of sdlder. The 
sddoed surflu^s are then placed together and h^ted either 



fio. 5,192.— Pin flame alcohol bknr torch. #<eoimii<eof anordtoaiy wkktaceh A, p wi dao 
with a faloar |>ipe B. havhig a rubber tube extenatem, C, for btow^. in oiMraflofts the 
blowing praeeoie ahould be regulated ao that the flame ie drawn out to a aharp fMdnt. lib 
aoMaHfbgs a flame ahould be directed to the center of the joint and Should be blowil With 
anflkiatttpreaauratobring tbeflametoapolnt. Uae a piece of aolder wire rather than mlacta 
atkk of adder, thua avoiding the loea of conaiderabla heat which tahea dace in heating tha 
Imiaeackof aolder. 

with a tnt or blow torch until the sdder melts and unites the 


two surfaces. 

During the heating operation the surhioes etwuld be hdd 
finnljr togefiter with clamps or other means. Figs. 5,193 to 
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Ihm, 5,193 to 5,196. — ^Metliod of twoatiiig etrop oonaector to vin. After d—pWif, wm , 
ihni to porte to bo united u in A| pick up ooldor on bit indoovor ourfoen with 9 tlda mm 

nointtf boiMlitfUpovur wiiuaoin C{ hold bent port of ttinpdoimllrmlr with rod Ilf and 

iMt wf^ bit ai in D» Tbo p ro rouw on rod M, ■bould bt oootknml until Ibt Mldir bii 

MiidUiid. 



HOLD END WITH THUMD 
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5,196 illustrate the jdniiig of a strap axmector to a wire by 

lam i latiag or Ti4»(e)faig.— To coiiq)lete the various jdnts, taps and qdkes 
In the two pieoedbg diapten. the exposed wires must be insulated. 
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To irintete, the exposed wires are wnmied first with ndtbcr tqpe untQ 
dfis eevering is equal in thickness to the regular insulation. Then ^bomt 
two layers of fiictioo tape are wraiq>ed over the rubber tape. Themethod 
of taping is dnwn in the acoompanying illustration. 



iAib. 5.301i>»MMlKd of stattisc tap* la a pig tail Mint. 
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TEST QUESTIONS 

1. Give a definition of soldering. 

2. What is solder? 

3. What kind of solder should be used in electrical enr 

gineering, and why? 

4. State briefly the theory of solder. 

5. Name six operations to be performed in soldering. 

6. What are the essential conditions for successful sol- 

dering? 

7. Ncune four methods of soldering. 

8. What is soldering flux and why used? 

9. Describe the action of a flux. 

10. Wluit kinds of flux should not be used on electrical 

work and why? 

11. What sometimes determines the kind of flux to be 

used? 

12. What is the proper name for a so called soldering 

iron ? 

13. Describe the construction of a soldering bit. 

14. What must be done preliminary to soldering? 

15. Describe the method of tinning the bit. 

16. How is the right temperature for a bit judged? 

17 . What happens if the temperature of the bit be too hi^f 

18. How is the flux applied? 

19. Upon what does the method of applying the sHder 

depend? 

20. Describe the "picking up" method of applying solder. 
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21 . Describe the “melting on the work" method of apply- 

ing solder, 

22 . What is the construction of a blow torch? 

23 . Describe the operation of sweating. 



How to Road Plaaa 


3,153 


CHAPTER 103 

How to Read Plans 


Wiring Terms.— There are a number of terms in general use 
relating to the work of wiring and the exact meaning ol these 
terms is of importance to the electrician who installs any sys- 
tem of wiring. These definitions are from the National E^- 
trical Code and are standard. 


Definitions 

Aeemrt bta . — (As applied to wii^ methods, not pennanently closed is 
by the stnictiire or fidm of the build^; capable of being removed witbont 
disturb^ the building structure or finish. (As anilied to equipment.) 
Admitting dose appro^ because not guarded by locked doors, elevatioB 
or otiwr dfective means. (See also Readily Aco^ble.) 

Afpnntd . — Acceptable to the authority enforcing this Code. 

Brwneh CtreuU . — ^That potion of a wiring system extending beyond 
the final automatic oveiload protective device of the circuit. 

AfgAHng Brmeh Cireiitts.— Circuits supplying energy to lii^xtlng out* 
lets only. 


AppUane^ Branch Cbvults.— Circuits supidying energy eitiicr to per- 
manently wired appliances o- to attachment plug receptacles, that is, ap> 
or convenienoe outlets or to a oomldnatian of permanentbr w ir ed 
appthmoes and additional attacfameiU phig ouUets on the eame drcuit: 
s^ dradts to have no pennanently conneeted hurting fixtures. 
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BuikBng»--A structure which staikb alooe or which is cut off firam 
adjcnuiug structures by unpierced fire walls. 

CUiiieS. — ^An endosure designed either for surface or flush mounting; 
and pixiyided with a frame, matt or trim in which swinging doors are hung* 
(See cutout boa.) 

€tM $* — stranded conductor (single-conductor cable) cnt a combina* 
tion of conductors insulated from one another (multiide-conductor cat^)* 

Coficoalsd. — ^Rendered ini.coe 8 sible by the structure or finish of the 
building. Wires in concealed raceways are considered cooceated, even 
though they may become accessible by withdrawing them. 

Conductor , — ^A wire or cable or other form of metal suitable for carry* 
ing current. 

ControUmr,--k device, or group of devices, which serve to govern, in 
some predetermined manner, electric power delivered to the d^ce gov* 
emed. 


€Hdout Box . — ^An enclosure designed for surfoce mounting and having 
swinging doors or covers secured directly to and telesooping with the 
walls of the boa proper. (See cabinet.) 

D.C. Neutral Grid . — ^A well grounded netweark of neutral conductors 
formed by connecting together within a given area all of the neutral con* 
ductors of a low-voltage direct-current supply system. 

So constructed that dust will not enter the enclosing case. 

Al«fosed.--SuiTouiKled by a case which will prevent accidental con* 
tact of a person with live parts. 

Jbgsoiad!.— Accessible; not concealed. 

Boeder. —k stretch of wiring to which no connection is made except at 
its two ends. 

Ouoitiscf.— Covered, shielded, fenced, endoaed, or otherwise protected, 
by m e an s of suitable oovers or casings, barriers, walls or screens, mats or 
platforms, to remove the liability of dangerous contact or approadh by 
pecsons or ob^cts to a point of danger. 

lerdsted Blent.— k private electrical installation deriving energy from 
its own generator driven by a {Mime mover. 

Meefer Sereiee . — ^The service oonductoigsupi^ying a group of biddings 
MtiHsr 00a snanagsment. 
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Matar CtrctUi Switch.— A vwitdi used to stop a motor when at iiiB 
running current, but not intended to open the motor drccdt with stalled 
rotor current flowing. The switch nmy alto serve to disconnect the motor 
and its controller when necessary for repairs, etc. 

OutM. — A point on the wiring system at which current is taken to 
sui^ly fixtures, lamps, heaters, motors and current-consuming devices 
generally. 

Fanelhoard. — single panel, or a group of panel units designed lor as- 
sembly in the form of a single panel; including buses and with or without 
switches and or automatic overload protective devices^ for the control of 
light, heat, or power circuits of small individual as well as aggregate ca- 
pacity designed to be placed in a cabinet or cutout box traced in or against 
a wall or partition and accessible only from the front. (See switchboard.) 

Fcrtahle Appliance. — ^An appliance capable of being readily moved 
where established practice or the conditions of use make it necessary or 
convenient for it to be detached from its source of current by means ol 
flexible cord and attachment plug. 

Readily Acceeeible. — Capable of being reached quickly, for qperatioii, 
renewal or inspection, without requiring those to whom ready access fa 
requisite to cliinb over or remove obstacles or to resort to portable ladders, 
chairs, etc. 

Secondary Neutral Grid. — ^A well grounded network of neutral oon^ 
doctors formed by connecting together within a given area all the neutoal 
conductors of individual transformer secondaries of the supply system. 

Service. — ^That portion of the supply conductors which extends finom 
the street main or duct or transformers to the service switch, switdies, 
or switchboard of the building supply. 

Sub-feeder,— Same class as a feeder, but fa dfatinguiidied either by 
bdng one of two or more connect^ links between the end of a siiiiAe 
feeder, and several distributing mains, or by coi^tituting an extenskm of 
a feeder. 

ToMly Encloeed Motor.— A motor which fa so oomfdetdy enclosed 
by integral or auxiliary covers as to practically prevent t^ dunculatioii of 
afa through the interior. Such a xxiotor is not necessarily air4fa^. 

Voliaye to Ground.— The voltage between the givoi conductor and 
that coi^uctor of the circuit which fa grounded; in imgitmncledcitcmti« 
the greatest voltage between the given conductor and any other conductor 
ol the circuit. 
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Wmtmtpnot.—So oonatructed or protected that moieture will not inter' 
Hbk with its euooeieful (q)etatkm. 

Watmttaht.—So oonatnicted that moistuie win not enter the en> 
doting cate. 

How to Read Plana. — ^There are varioua ways of r c pr e a cnt ii i g 
(Ajects in drawings, such as: 

1. Perspective; 

2. Cabinet projection, 

3. Isometric projectkm; 

4. Qrthograi^c projection; 

5. Development of surfaces. 

Of these methods, the first three may be classed as "pictorial” in that 
they show the entire visiUe portion of the object in one view, whereat 
toe fourth requires several views to fuUy present the object and may be 
called "descriptive.” 

It is this latter method that is most generaUy used and whidi requires 
a little study to comprehend it. A knowledge of this method is necessary 
to read plaiu. 

Ch’diograpUc Projection. — Isometric drawing and cabinet 
projecticai, while showing the object as it really appears to tlto 
eye of the observer, are neither of them very convenient meth> 
o^ to employ where it is necessary to measure ev^ part of 
the drawing for the purpose of reproducing it. 

Drawings suitable for this purpose, genmdly known as 
working drawings, are made by the method known as ortho- 
graphic projection. 

In caUnet or isometric projection, three sides of the object 
are shown in (me view, whUe in a drawing made in orthogra^c 
projectkm, but one sale of the object is shown in a angle view. 

To jBnstmte this, a dear pane of ids*> °wy be placed in front of the 
object intended to be r ep re s e n ted. 
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In fig. 5^2 a cube is shown on a table; in front of it. paralM witli 
one face (the front lace) of the cube, the pane of glass is placed. 

Now. when the observer looks dizectly at the frxmt of an object frpm a 
oonsiitoable distance, he will see only one side, in this case only the front 
side of the cube. 

The rays of light falling upon the cube are reflected into the eyes of the 
observer, and in this manner he sees the cube. The pane of fi^lass, evidently, 
is placed so that the rays of light from the object will pass throui^ ^ 
tdsas in straight lines, to the eye of the observer. The front side of the 
object, by its outline, may be traced upon the glass, and in this manner a 
figure drawn on it (in this case a sqiiare) which is the view of the object as 
seen from the front which in this case is called the front eUpotion, 

One view, however, is not sufficient to show the real form of a solid 
figure. In a single view two dimensions only can be SAiOwn, Imgth and 
height; hence the thickness of an object will have to be shown by s^ an- 
other view of it, as the top view or pkm. 

Now, place the pane in a horizontal position above the cube whidi is 
resting on the table, as in fig. 5,203 and, looking at it from above, directly 
over the top face of the cube, trace its outline upon the pane; as a lemilt 
a square figure is drawn upon the glass, which corresponds to tl» appear- 
ance of the cube, as seen tom above. This square on the glass is the top 
view of the cube, or its pkm. 

Fig. 5,204 shows the manner in which a side view of the cube may be 
traced; ihe glass is placed on the Side of the cube, which rests on the taUe 
as before, and the outline of the cube on the glass in this position is call^ 
its sido tkpation. 

Usually either two of the above mentioned views will suffice to show aU 
dimensions and forms of the object, but to completely represent complicated 
objects, three or four views may be required. 

In complicated pieces of machinery, however, more views, three and m'en 
more may be required to adequately represent the pii>portions andibemof 
the different parts. 

A drawing which represents the object as seen by an observer locddng at 
it from the rifi^t side is called th$ right side skpoAim and a drav^ showtag 
the object as it appears to the obs^er looking at it from the left sl^ is 
called ihe l^i side ekpotian. 

In the case of a long object, a view at the end is called an md eim* 

A view of the object as seen from the tear is called the tear view or rsar 
elevation, and a view from the bottom, the bottom view. 
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Ibe different views of an object are always arranged on the drawing in 
a oertaitt f led and generally adopted manner, thus-- 
The front view is placed in the center; the right side view is idaced to 
the right of the fhmt view, and the left side view to the left; the top view 
is placed above the front view and the bottom view below it. dif- 
ftmi views are placed directly oppowte each other and are joined by 
dotted lines called inojectum lims. 


TOP VIEW 



By the aid of projection lines, leading from one view to the other, as in 
figs. 5,205 to 5,209 measurementsof onekindmay be tian^ttedffomone 
vtew to the other: thus, the height of different parts of an object may be 
transmit^ from the fnmt view to either one of the side views ; in like man- 
ner the length of different parts of the object may be transmitted by the 
aid df projection liites, to the bottom view and top view. 

]t is often desirable to show lines belonging togn object, althous^ they 
may not be directly visible. In figs. 5,206 to 5,209 the top view and the 
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bottom view show plainly that the d>ject is hcdlow; kxddng at the ob}ect 
from the front or from the sides, however, the observer oould not see the 
insale edges of the object, unless it were made of tome traneparent 
mateial. 

In projection drawing it is assumed for convenience that all objects are 
made of such material, transpcuent enough to show all hidden lines, no 
matter from which side the object is obsenred; these hidden lines are 
resented in the drawing by dotted lines. 
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To illustrate the method of orthograiduc projectum one prob- 
lem is given. 

ProUem. — ^Draw plan, end and finmt views of the bam 
shown in fig. 5,211. 

The plan will consist simi^y of a rectai^le CDFE (fig. 5,210), the length 
of who^ sides being obtain^ from the dimensions in the orthc^f^c pn>- 
jections. The end view is projected down from points C,A,£, of tiie plan, 
being identical with the end in fig. 5,211, because it is here drawn in the 
**OX, plane*^ which is the plane of tl^ paper and accordingly is seen in true 
sise. 


Similarly for the side view laoject over the points A,£ ,1., of the end 
vtew and lay off AB , £F, and I J, equal to 40 ft the elevation of these lines 
being obtained from the given dimensicms. The door is laid out in a sim- 
ilar manner. 
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Fm. 5,^^-*-Flnit lloor pfaui or oauet diagraiii. 
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and especially how the electric wiring installation is indicated, 
a set of “plans” is here given. 

With respect to the wiring, the sjrmbols show the location 
of the outlets to which the wiring must be broi;^t and the 
number of lights for which provision must be made. It is ac> 
cordingly necessary to know the meaning of the symbols or 
to have at hand a table of these symbols as given convmoitly 
in this chapter. To assist the student in reading the plans, 
the building is first shown in cut away isometric projection, f^. 
5,215, which gives the general appearance of the interior the 
same as a photograph. 

First compare the isometric drawing fig. 5,215 of the first 
flocM* with the plan, fig. 5,216. 


Key for First Flow 

« Ceiling Outlet for Extenrions (ElexSa) ^ v Range Outlet 

jjj^^wWall Outlets for Extennons (Eleidtt) 

10 -WaU Outlet 
j® •■Single Convenience Oudec 
||0 w Double Convenience Outlet 
»Floor Outlet 

Norm.^ Where Elexits are indicated other types of outlets may be sabaheiited. 


S ^ •■Single-pole Tumbler Switch 
■■Double-pole Tumbler Switdi 
•Three-way Tumbler Switch 
—Four-way Tumbler Switch 
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1 . Give definitions of wiring terms. 

2 . Name five ways of representing objects in drawing, 

3 . Are pictorial methods or the descriptive method used^ 

4 . What is orthographic projection? 

5 . WhoA are the names given to orthographic projection? 

6. Draw diagrams showing the three "views" employed 

in representing an object. 

7 . Give the names of the three "views." 

8 . What is assumed in making projection drawings? 

9. Name the principal elements of a wiring system. 
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CHAPTER 104 

Farm Wiring 

General. — ^The use of electric light and power on fetrms is 
ccHistantly increasing. The fundamental reason for additional 
usage of electricity is primarily to save labor, cut operating 
costs and provide for a higher living standard by means of 
labor saving machinery and an ample well-planned lifting 
system. 

It is not possible, however, to obtain the fullest possible use 
of electricity without a well-planned wiring system. The basic 
requirements of a well-planned farm wiring system are: 

1. Adequate wire capacity and safety; 

2. It must be easily expanded and economical. 

The requirement of safety will be satisfied by compliance with 
the National Electrical Code, the others depend upon careM 
idanning. 

A form wiring system should be planned and installed with outlets 
conveniently located for the use of modem electrical farm equipment, and 
with a distribution system of services and feeders that delivers propw volt- 
age and to which change and additions can be made earily and at miidmum 
eqiense. If it be so designed, it will meet the requiremoits of adequacy and 
easy expansion and consequently the requirement of economy. 

Because of the foot that farm residenoe wiring and interior li^ithig 
methods do not differ anireriaUy firom home vriring in general, no attempt 
has been made in this riiapter to cover this part of the riectric system. 



3,168 


Farm Wiring 


Wiring Sjstems.— The general {dan of a hurm wiring system 
depends upon the source of dectrical energy. For form service 
tha% are generally two sources available, namdy: 

1. The public utility power line; 

2. Individual farm lighting plants. 

The generating station of public utility systems usually 
supply 60 cyde alternating current at 115 and 230 volts, sin|^ 
phase, two or three wires. Individual plants differ, but direct 
current at 28 to 32 volts and 115 volts are common, although 
some types provide 115 volts alternating current. 

For the 32 or 115 volt supply a two- wire system is required, 
while for 115-230 volts supply a three-wire system is usually 
used, making both voltages available. Individual branches of 
this s}rstem may be either two- or three-wire. 

The three-wire system is usually the most satisfactory for farm service 
because of the two voltages and the additional power available. The indi- 
vidual farm power plant is designed primarily for lighting purposes, whereas 
the public utility supplies power for motors, electric ranges, water heaters, 
etc. 

The logical steps in planning a farm wiring system are as follows: 

1. Plan the number and location of outlets; 

2. Determine the amperage of each lamp, motor or appliance; 

3. Determine the type and size of service to install; 

4. Determine the number and size of branch circuits; 

5. Select the types of wiring materials, switches and fixtures. 

In general the public utility power company will bring its distribution 
line up to a point near the farmstead, usually along the road, placing a 
transformer near the entrance to the farmstead and extending second^ 
lines to a pole or building on the farm, at which point metering equipment 
will be installed. 

From the metering point, energy is distributed within the practical 
dectricaMimitations on the secon^try voltagCo Under most amditlons 
this will encompass an area within 300 feet hrom the point of sui^y based 
on 2 % voltage drop on the outside wiring system. If service be needed at 
locations beyond tito radius the elecuic utility should be oon»ilted. 
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As a matter of eocmomy in wiring the electric adrvke should enter and 
the meter should be located as near as possible to the electric load center 
of the fannstead. 

Whether the meter is located outdoors or indoors depends in most in* 
stances upon the rules and regulations of the electric utility company. 
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Lighting and Wiring off Farm Bulldingt 

Bams. — ^There are many types of bams, dqieiKlmK cm ^ 
individu^ farm. The most common are the <toiry, the horst, 
the cattle, the sheep, the hog and the general barn, Tyi^cal 
bam oonstructicm sddom allows the entrance of much daylight 
and since much of the regular work in the bam is done during 
the hours when there is little oc no daylight available, good 
illumination is necessary. 

The Dairy Bam. — ^Usually dairy bams are arrai^;ed in a 
series of alleys, that is, one set for feeding and the other for 
milking and cleaning. 

This lends itself readily to the installation of outlets down 
the center of each alley with units spaced 12 to 20 feet apart. 

With reference to 5,366, showing the wiring plan and 
switch location of a typical dairy bam, the cleaning alley should 
have one outlet for every 12 feet on center line of the alley or 
slightly off center if necessary to clear manure carrier. 

The feeding alley should have one outlet every 20 feet on center line of 
alley. The cleaning alley outlets should be controlled by wall switdtes, 
separate from switches controlling feeding alley outlets. 

These requirements will be satisfactory regardless of whether cows are 
in two rows fodng out or two rows facing in. In face-out bams, an rd- 
temative arrangement for cleaning alley is to install two rows of lu^ts be- 
tween center line of alley and back edge of gutter, 16 feet apart in the tow 
for four-foot stanchions, outlets in one row being two stall spaces or eight 
feet ahead of those in other row. 

In stall bams where cows are milked and in milldng rooms, decdraide 
intendties are at least one-foot candle at milker and two-foot candles at 
scale siren feed or milk of individual cow is weighed. To approximate this 
level of illumination requires at least 100 watt lamps on 12 foot centers, or 60 
watt lamps <«i 16 foot staggered arrangement. 

Coneenimee Outlets.— -When pipe line ndlker is used, outlets for 
dfopers, immersioo heaters, beat lan^, etc., should be ustalled in (foasing 
alhqr, graced (me outlet for every 30 feet. 
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When portable milker is used, outlets for portable milker, clippers, 
immersion heaters, infra-red lamps, etr., should be installed in cleamng 
alley, spaced one outlet for every 15 to 20 feet. Minimum circuit wire 
No. 12. 

In barns where cows face out, one row of convenience outlets in central 
cleaning alley will serve two rows of cows. 

In a stable with two rows of cows facing out, convenience outlets may 
be instaOed on posts or may be installed in the form of cord oonnectma 
placed throixgh the center of the cleaning alley and suspended a convenient 
height above the floor on heavy duty cord. If there are two rows of cows 
facing in, convenience outlets may suspended from ceiling or placed on 
wall back of cows and as high above floor as can be reached conveniently. 

Outlets for electric window and door screens will be found convenient. 

Special Purpose Outlets . — The Outlet for pipe-line milker should be 
230 volts (except where portable milker is to be used). Circuit wire size 
depends on motor horse power. Minimum No. 12 wire. 

Outlet for ventilating fans (in regions where climate and bam structure 
make ventilation necessary) . 

Ventilating fans of less than H h,p. may be connected to lighting or 
convenience outlet circuits. 

The Cattle Barn. — ^The cattle bam is usually a closed area 
containing feed troughs . In general a row of lamps in reflectors 
over the troughs will give adequate lights at the troughs and 
over the rest of the bam floor. In large bams, additional out- 
lets are necessary and, therefore, general lighting for the entire 
area is recommended. With spacing of 10 to 12 feet the 
40-watt lamp is used, while with spacing of 12 to 15 feet the 
60-watt lamp is necessary. 

Wall switch control for feed trough outlets, separate from 
switches controlling other outlets should be provided. 

The Horse Bam. — Normally the horse bam consists of 
feeding and cleaning alleys similar to the dairy bam. The 
Ushts may, therefore, be arranged in the same manner as that 
for the dairy bam, with the added precaution that the spacing 
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in the deaning alleys be so chosen that the units come oppodte 
alternate stall partitions, since they are usually sdid in ocmtrast 
to the open stanchions of the dairy bam. Sm fig. 5,368. As 
in the c^ury bam there are individual stalls at one end of the 
bam. 



The Sheep Bara.— This may be of the open or dosed type. 
The open sheds are endosed to a height only sufficient to i»6- 
vent the sheep from getting out and to protect them from the 
wind. Closed sheds are of the common bam construction, 
In wide sheds there are usually two rows of feed troughs with a 
center runway. Here general lighting supplied by ^ or 60 
watt lamps in suitable reflectors, mounted at the ceiling, is 
b»t. In narrow dieds a row of similar units directly over, or 
not mcue than four feet behind the single feed trough will be 
found satisfactory. 
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One convenience outlet for lamb brooders should be provided for each 
pair of pens. Outlets should also be provided for water warmers, adjacent 
to the watering troughs. Special outlets for sheep shearer should be 
vided on wall or post at location where shearing is done. 





The Hog Barn. — The hog bam, especially in large sizes and 
community types, is somewhat similar to the enclosed sheep 
bam. The lighting is, therefore, similar. 

The General Barn. — This usually contains a small space 
apportioned to each of the general activities of a farm. The 
lighting described under the specific types of bams should be 
applied to the individual portions. In the upper portions of 
most bams the hay mow is located. 

In order to eliminate all possible fire hazards and also to provide space, 
it is customary to provide a 100 or 150 watt lamp for each mow placed high 
against the ceiling in shallow dome, angle or R.L.M. dome reflectors. 

When properly placed, the units should light the driveway or floor space 
located betow or between the mows. 

The SBo. — Most bams, especially those with cattle, h^ve a 
silo in which food is stored for the stock. The silo is built in 
the form of a high circular tower with an attached chute. This 
is usually a dark place where there is a considerable chance of 
missing a step and falling when climbing. The R.L.M. stai^- 
aid dome with a 100-watt lamp will supply sufficient illumi'^ 
nation. 
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It may be mounted at the top of the silo or at the top of the chute. In 
the latter case it should be tilted slightly towards the side of the silo so that 
it provides some light for the interior. It is also possible to mount the 
same reflector on a pulley so that it can be raised or lowered in the diute 
as the work demands. 



>^ 1 Q. 3,370. — rypical farmyard lighiing arrangement. 


Yard lighting. — The arrangement of farm buildings results in 
large open areas between and around the buildings, fenced off 
from the rest of the farm land. In order to move about from 
one building to another after dark and during the early morning 
hours, it is dedrable and necessary to have an adequate system 
of yard lighting. 
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Mazda protector lamps or flat dome reflectors equipped with 
10ft-, 150- or 200-watt frosted lamps may be used for this 
purpose. They may be suspended from brackets on the side 
of the buildings or on poles. In any event, they should be as 
high as reasonably possible in order to secure a wide distribution 
of light. Their exact number and location depend on the 
individual farm. 



Fm. 5,371, — Showing a simple and effective protective lighting arrangement for a form. 


The control ot this outdoor lighting depends upon the location of the 
lights and the habits of the users. In ail cases three-way switdies should 
be used between the kitchen and the bam or garage for the lifting of the 
main area between these buildings. Other lights may be controlled by 
switches inside the entrance of the nearest building. t 

It is sometimes necessary to provide agamst thieves and other night 
prowfers. To a cmain degree the yard lighting will serve this purpose. 
Frequently, however, additional means of lighting certain areas are deshr^ 
able. Thismay be acconiplished by floodlights. As a rule* floodhght ixro* 

e ’s u»ng the 200-watt general or the 250-watt doodlighting are 
enough. They should be located near or on the farm house, directed 
so as to make any iqiedfic area clearly visible to the person oontiolUng the 
light from the fdm house. 
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Swltdi Control. — ^The proper control of the various lii^ts in 
any &rm interior adds immeasurably to the convenience of 
dectridty. General rules are hard to £^ve since the location 
and type of switch depends largely on the size and shape of tht 
room, and the relation of the room to the rest of the building 
and to the rest of the farm. It can safely be said that the 
farmer riiould be able to precede himself with light when enter- 
ing all frequently-used doors and turn the lights off when 
leaving through these doors. 

If there are two doors opening into the same room, both frequently used, 
three-way switches should be installed, enabling the same lights to be 
turned on or off from either door. Whether or not all the lights in a room 
are turned on at the same time depends on the size of the room. 

Pull chain switches are often satisfactory for individual lights, and some- 
times for groups of lights if the total load (wattage) is not too great. The 
individual plan drawings throughout the chapter give typical arrangejnent 
of switch control. 

Poultry Structures 

The poultry structure' usually includes the hen house, the 
iftadtator room, the brooder house and the feed room, all of which 
may or may not be under the same roof, depending upon the 
size of the flock. 

In the operation of poultry houses, r^rdless of size, a 
properly planned lighting system will aid in the increase of egg 
production as well as assist in the proper care of the flock and 
the maintenance of the houses. 

Hie Laying House. — It should be noted that installation 
practices for lighting of poultry laying houses as an aid to 
stimulating egg production will vary, not only as to type of 
poultry, whether it be hens, ducks or turkeys, but also as to 
geographic regions. In addition, practices differ with size and 
design of laying house and also with method of lifting 
operation. 
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It has been found by experience that hens become very in* 
active during the long winter season and that extending the 
daylight period by means of artificial illumination will increase 
the activity. Increased activity in scratching and eating aids 
to increase egg production. 



PkQ. 5,372. — Showing usual lighting arrangement for the hen house. 



The methods used to provide this additional illumination 
differ, but are usually grouped into three periods of the day, 
namely: 

1. Meaning lighting; 

2. Morning and evening lighting; 

3. All-night lij^ting. 

Tbe following reoomixiendations given with respect to the various method 
of luting ate not oonoemed with hours of operation, since these will best 
be found by experience, but only with the luitnber of outlets, their tocatkm 
and method of control. 
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Morning lighting. — ^The minimum illumination provided 
should be one outlet for every 200 square feet of floor area. 

In a house or pen W feet deep, one row of outlets 10 feet 
apart ^uld be installed along a line midway between the 
fiYMit of the house and the dropping board. Outlet at end of 
row should be five feet ifiom end of pen. 

Liszts should be suspended six feet above floor, equipsied with 40 watt 
lamps and reflector 16 inches in diameter and four inches deep. Cover 
reflector surface with three coats of aluminum bronze paint or install 
reflectors made with aluminum bronze finish, as that portion of light most 
beneficial to birds is best reflected by aluminum surface. When deeper 
reflectors are used, provide one-inch socket extensions to bring bottom of 
lamp even with bottom of reflector. This increases spread of light, so that 
roosts will be illuminated, causing hens to leave roosts during lighting 
period. 

With roosts at back of pen, place outlet for each 200 square feet with out 
lets in two rows, staggered with respect to each other, wattage same as i»re- 
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Pko. 637S. — IlliMtnttog Hma swiick control for tevend floor* or pens with local switches to cot 
off Mivkloel pens, M omnmtUtkt only. 
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Ttons. AailtonativeainmganentbtoinstalloiieoutletfbreMlijOOaqitBre 
feet. OnetowofoutletslSfeetap^shouldbeiiutanedakHiigaliheiiiidiny 
between front of home and dropping boards. Outlet at end of row ahcndd 
be not ovejr eight feet from end of pen. 

Time Switch Control for lighting Ontteta. — In multi-story 
ot large poultry houses where the number of lighting outl^ 
is in excess of the niunber which can be installed on a sing^ 
brandi circuit, a heavy duty drcuit can be run through the 
time switch to the different floors or pens with local circuit 
protection and switch control at each floes' or pen. See fig. 
6,373. 

Where it is de^red to control lights on any floor or in any pen, indq)end' 
ently of the time switch, see fig. 5,374. Where different time schedules sore 
needed for pens of old birds as compared to pullets, more than one time 
switdi win be needed. 




contfol for Mvimd lloon or pm, witli locd Mrttdi conti^ 
farlglit Uglitt ta time oontrolled or live fteden and kwel weitcli oootrol Cor dim Uidkt. f&t 
mmdmi mtd 0ming tfiM. 
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Morning and Evening Lighting.— Bright light outlets should be in- 
stalled in the same manner as for morning lighting. 

Dim light outlets should be installed on separate circuit, one outlet for 
every 400 square feet of floor area and placed in a row slightly back of bright 
light outlets, toward roosts; wattage 10 to 15 watts each. 

All Night Lighting. — Arrangement of lighting outlets should be the 
same as for morning lighting; wattages 15 to 25 watts each outlet. Switch 
control for each pen. 

Where some pens are to be operated on all night lighting and others on 
morning or morning and evening lighting, use wiring methods shown in figs. 
6,375 or 5,376. 

Convenience Outlets. — In climates where temperatures require warm- 
ing of poultry drinking water in cold weather, install one outlet for every 
400 square feet of floor area, but at least one outlet for eadi pen. Place 
outlets on posts or walls at least three feet above floor to minimize collection 
of dust on contacts or suspend from ceiling on pendant cord connectors. 
No. 12 wire minimum (10 outlets maximum per circuit) . 

The locabator Room. — ^Since light must be provided on the 
front of the incubators, the arrangement will determine the 
hxsition of the lighting units. In other parts of the room, if a 
large one, general lighting is necessary. Standard dome 
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reflectors with 25-, 40- or 60-watt lamps mounted doee to the 
ceiling may be used. 

The Brooder House. — ^This is the house in which the chidrs 
old enough to be transferred horn the incubatmr are kept. It 
can usually be lighted by one 25- or 40-watt lamp nK>unted 
close to the ceiling in the center of the room. "When water 
warmer is used, convenient outlets should be installed on wall 
or post convenient to location of drinking fountain'. 

When ultra-violet radiation is employed in the brooder and hen houae 
special outlets should be provided for this purpose. It is recommended that 
convenience outlets serving brooders be fed by a special feeder by at least 
three No. 10 vires with individual circuit protection for each brooder. The 
load should be balanced as far as possible by connecting outlets alternately 
to one or the other ungrounded conductors. 

The Feed Room. — ^This will usually contain bins in which 
fted is kept and auxiliary space for grinding, mixing, etc. The 
bins, if large enough, should be individually lighted by 25-watt 
lamps; otherwise the general lighting as applied to the auxiliary 
space should be so installed that all bins receive some light. 
The best arrangement is to have a unit opposite alternate bin 
partitions. 



P^U $r379*'--Typtcil teyo«t and wiring lor a Urge feed room 
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Afiscdluieoas Booms. — ^These conast of egg storage and 
handling room, poultry, cleaning and dressing rooms, etc. 

The general lighting in such rooms should consist of one 
outlet for every 200 square feet of floor area, in addition to 
two outlets over each working space to prevent shadows. 
All of these outlets should be wall controlled. 

Special oonvenienoe outlets should be provided for eadi egg cooler, egg 

Candler, egg cleaner, egg grader and humidifier fan. 

Special PiBimse Outlets.- When poultry forming is done cm 
a large scale, special outlets should in addition be provided for 
poultry scalder (1,000 to 4,5(X) watts); outlet for waxer (1,000 
watts); outlet for wax reclaimer (1,500 watts); outlet for picking 
machine iH to h.p.); outlet for refrigerating equipment 
(H ^d up). 


TEST QUESTIONS 

1. What is the fundamental reason for the additional use 
of electricity on farms? 

%. What are the basic requirements for a well-plcmned 
farm wiring system? 

3. Name the two systems of electric supply usually found 

on farms. 

4. What is the maximum voltage drop usually allowed 

in the outside wiring system? 

5. Describe the usual arrangements of lights in dairy 

barns. 

6. Where should the lamp be placed in the silo? 

7. Why is it desirable to provide night lighting in poultry 

structures? 

8. How is niglu lighting in poultry structures usucMy 

controlled? 
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CHAPTER 105 

Open or Exposed Wiring 

This method of wiring possesses the advantages of bdng 
economical, durable and accessible. There are two methods 
of open or exposed wiring, known as: 

1. Knob wiring, and 

2. Qeat wiring. 

Open wiring on insulators, comprising insulated conductors 
mounted on porcelain or cleat insulators is the simplest and 
most economical of all wiring methods. 

It is highly desirable for installation in all buildings of wood 
frame construction, including buildings with wood frame and 
masonry or stucco veneos. It is recommended for residences, 
including single- and multi-family dwdlings, commerdal and 
industrial structures. It may be installed in the free air spaces 
of walls, partitions and ceilings or in these same spaces when 
thermal insulations of non-conducting materials fill the voids. 
For most types of occupancy, it is much more desirable than 
any other method of wiring construction. 

In wet locations, including sea coast areas, it is especially desirable be- 
cause it is not affected by rust and salt atmosphere. In flood areas it ia 
qiuckly restored to service without damage. 'Where che mi ca ls and oor- ' 
rosive atmospheres are present this type of wiring ixevents eteterioratioii 
apd in industrial plants it provides rai»d cooling of conducton and enables 
the use of smaller sised wire, saving materials and cutting costs. Fbrareas 
srbere poor or ncm-permanent grounding ensts the idMcaoe of dangerous 
cosseting metals is particularly desirable. 
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Wire ^adng. — ^The spacing of \vires from each other and 
horn the surface over whidi they run, depends on whether the 
wires will be permanently exposed, or concealed inside the 
walls. 

Open conductors shall be separated at least two and one-half 
inches frcan each other. In dry places for voltages not over 
300 volts, the conductors shall separated not less than one- 
half inch from the surface wired over. 

For voltages from 300 to ^ volts, the conductors shall be 
separated at least one inch from the surface wired over and 
except as provided in the Code shall be separated at least four 
inches from each other. In damp or wet locations, a separation 
of at least one inch from the surface wired over shall be main- 
tained. 

Types of Wres. — In dry places, conductors may be any 
one of the following types: R, RH, RW, RU, T, TW, SBW, 
SB, AA and AIA. In damp or wet locations or in locations 
especially subject to moisture wires shall be.rubber covered. 
In concealed wiring, types R, RH, RW, RU, T and TW shall 
be used. 


Knobs and Cleats. — ^There is a great variety of knobs and 
deals available to suit various sizes of conductors and condi- 
tions of wiring. Porcelain cleats, knobs and tubes, figs. 5,226 
to 5,241, serve to illustrate the various types of supports used 
on opal wiring systems. Two- and three-wire cleats are used 
with small conductors No. 12 to 8 fcx’ voltages not exceeding 
300 volts. 

Three-wire deals are used on three-wire ssrstems with the 
neutral conductor in the center and not over 150 volts to dther 
outside conductor. Single deats are used for higher voltages 




Open or Exposed Wiring 


3,187 



dPLiT KNOB 

Ftcs. S jZ26 and 54227. — Illuatrating typical knobs used as wire supports in open wire Install- 
atkms. 



Fic. 5,228.«-Method of fastening knob with nail. Note that the nail must penetrate the wood 
not lass than one-half the depth of the knob. 




Vwi. 5«23t ttid ‘Right and witmg melliod of tying wires to gnxnwd kxi^ calM lytni 

in* Ingg. one end nf the tie wire pnses over the wire, the other pMeeetiiMler. mn 
moK be need to that the wires will be tigbtly secuted. In tying the wires, the first and last 
knob should be tied in and the iotcnnediate knobs tied in last. Where the wires ai« of laifs 
iise, a block and tackle should be used, care being taken not to pull too tight as this will 
Stretch the wire. The tie wires should be of solid wire and of the same sise as the wkw to be 
secured, one idre is passed underneath the wire and the other wire is paired over so that H la 
sscuredat bothenda. Pliers ihoidd be used as tlw tie win cannot be prapaify aSeiwad bg 
hand. 
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and larger conductorB, also in all cases wh^ variaUte spacing 
of ccaiductors is required. 

\ll^res must be suppcated by porcelain insulates at least 
every four and one-half feet. Tliere must be a siqjpcat vdthin 
eii^t inches of every outlet box or within six inch^ of a tap 
made outside of a box. 

In industrial aitd oommerdal work, if the building is of Vmlll oonatruC’ 
tion** with heavy ceiling timbers, wires No, 8 and heavier may be run from 
timber to timber without suppcat except at the timbers. Such wires must 
be spaced at least six inches apart as shown in fig. 5,244. Many buildings 
friO into this classification, and permit porcelain {xotected open wiring, 
using smaller wires because of better heat dissipation. Thus thm isa sub- 
stantial saving of copper and rubber in the wires , plus the metal of raceways, 
not to mention inst^ation time. 

Comer Wirii^. — In running wires around a ccHuer. it is 
best to use knobs as shown in fig. 5,242. In open weak: cleats 
may also be used as shown in fig. 5,243, but a pwedain tube 
must be dipped over the outside wire, because at that point the 
wires are less than two and one-half inches apart. 

Porcdaln Tubes. — ^Where a conductor passes throui^ a 
timber or other combustible material, run it through a poredain 
tube such as shown in fig. 54^45. Ordinary tubes are available 
in 3-, 4- and 6-inch lengths, and require a five-eighths indi lude 
in the timber. The holes should }x bored in the approximate 
cento* of the timber, at a dight angle so that the tube will 
not tokl to fdl out of its hole from vibrations of the building. 
Holes to tubes may be bored with an ordinary brace and tut. 
For those who have a great deal of wtxk, tte power baring 
machine will be a good investment. It pomits boring hdes in 
ceilings up to 10 feet high through 360” angles in an^ plane, 
putting tMs type of yrcnlc m a production basis. Hdeacanbe 




3.190 


Open or Exposed Wiring 



Fum. 5^230. to S^l.^Varipui typet of two- and thne-wka doati and method of gfKppm!tp 
By the um of ckats imtead of knofat. wiree of a drctiit are held at the oormctdhtance mwit* 
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PORCELAIN Tuae 



Figs. 5,242 and 5,243. — ^Methods of appfoved spocms when wiring with knobs and deata 
nspectively. 



Mia CONSTRUCTION. 
TIMBERS UP TO 
15 FEET APART 


^ NO. 8 OR HEAVIER WIRES 
SPACED AT LEAST 6 IN. APART 


CLEVIS. STRAIN 
INSULATOR OR 

WIRE HOLDER 



. METHOD OF 
DEADENOlNa 


Fig. 5,244. — Method of dead-ending heavy conductors used in open wiring. When used in 
mill construction, open wiring saves a great deal of material and labor. 



Pro* 8,246.*-Typical poroeiain tube; miUiotis of these aie used to protect wire con^hickon 
bmn med nuii^ or other damage which would result if no tubes were installed. 
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bored at a ^)eed almost 10 times as fast as by hand. Ordinan^ 
tubes accommodate wires not heavier than No. 10; larger tizee 
of tubes are available for heavier wires. 



Pi€ft. $,246 tp 6,248.--*Showiitg method of drilling boles quickly and c(Bci«itly through ofoodeu 
SfOUs, 0OQIS or beoms. This is a motor^operaied tool whkh will save a gnat deal of lgte» 
imrriaiiariy in ians InstallatioiiB where a greift number of holes are needed lor irirlnif 

Tubes are commonly used fen* protecting wires crossixa eadi 
other, ^ diown in fig. 5,250. Note also the oonstructum 
fig. 5,251. A knob diould be used chise to the pt^t udim a 
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wile emerges from a tube and ^oen onward at a sharp an^d^* 
thte at the same time taking the strain off the tube, and pinp- 
eriy ^pacing the wire away trmn the timber. 



Pigs. 5,240 tp 5,251. — ^Methods of us ing tidit tubes over wires where they crass. Split tiAci 
M held together with tape. Figs. 5,251 Ulustrates the n ec e s s i ty for in^alling a kn^ close 
to the poroelaln tube if wire is to follow the timber. 

Vertical Wire Runs. — ^Where wires must run through IkxKS 
or other horizontal obstructions, a porcelain tube must naturally 
be used for each wire. In concealed work, aiM>ther three-inch 
tube must be used on top of the first cme. This should be 
dear from fig. 5,252. The purpose of this extra tube is to 
prevent accumulations of dust, shavings, plaster and so rm, 
inside the waff, from coming into contact with the wires. 

Separation from Metal and Other Condnetora . — Ojpen 
wires must be separated at least two inches from metallic 
conduit, piping or other conducting material, or from exposed 
lighth^ power or signal conductors, etc. If this distance can- 
ned be maintained, a porcelain tube or otho' amiroved tutnng 
material diould be uUd as a wire protection. Be sure to 
aodhev this protective material so that it cannot ^p out of 
jdaoe. The anq^t way is to provide an extra knob ht each 
end, as illustrated in fig. 5,253. 
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If possible, run wires over rather than under the conducting 
material, so that if there be any dripinng of condensed moisture, 
it will not fall on the wires. 



Pig. S.2S2. — ^Wire imtallation whea running through fkxm and other obstructkma. 


^PORCELAIN TUBE 



.PIPE OR OTHER 
METAL OBJECTS 


WET 

LOCATION 


Pm. 5,253 and 5,254. — Showing method of wiring when conductor pa a eee in dote pniiimity 
to tiim or other metal objecU. Pig, 5,254 ehowe method of wiring when conductor iWMee 
Irofli a dry into a wet kxntion. 


Wet Locstieiui. — ^When wires run from a dry into a wet 
location, a drip loop must be fonned in the wire, as shown in 
fig. 5,254, so ^t condensed mcnsture will drip off. The por* 
oelain tute must slant so that condensed mc^ure will fiow 
back into the wet location. 
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Taps . — In making a tap, insulators must be placed on each 
ude of the tap and the insulation removed fnan the wires and 
soldered and taped, as shown in fig. 5,255. The wires must 



Pios, S„256 und 5.2S7.^^iet!lOclft of tag) oorntructioo in ootlot or vwitoh box. In making a 
tap, Imnilatom must be placed on each aide of the box ao ax to prevent atreaa on tbe wke 
kdnta. 
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be sui^iorted within six inches. Note the porce^n tube Over 
the top wire where it crossed the main wire. A preferable 
method is to use porcelain outlet or switdi box with blairk 
cover, as illustrated in figs. 5,256 and 5,257. 



Protection Against Mechanicai Injury. — Where open 
conductors cross ceiling joists and wall studs, and are expoeed 
to mechanical injury, they shall be protected by one of the 
fc^wing methods. Conductors within seven feet from the 
floor shall be considered exposed to mechanical injury: 

1. By guard atripa not leas than aeven-eighth indi in thidowaa and at 
leaat as hi^ aa Uie inaulating auppoita, idaoed on each tuks of and doaa to 
the wiring 

2. By a auhatantial rutBiing board at leaat one-haif indi thidc back at 
the conductora wHh aide protectiona. Running boarda ahali eatmd at 

. least one inch outside the conductora. but not mote tiian two inches and the 
protecting aides shall be at least two inches high and at least eevenidghdi 
indi thidc. 
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3. Qy boring made as shown and furnished with' cover kei>t at least one 
inch away hrmi the conductora within. Where protecting vertical cooduc- 

tora on side walls the boring shall be dosed at tte top and the hcdes through 

ttiiicfa the conductors pass riiall be burited. 


SPLIT KNOBS 



Pto,a.a8S. "Mith od at pmtx nhn wfaw vtea they pn, tlwmsii Soon. 


4. By ooniuit, in which case the rules for conduit riuQl be fbOowed, or 
liqr netal piping in ahlch case the oooducton ahaO be encased in oontimioui 
lanlthi of approved flerible tubuqt. The con da etor s pasahiir' thmqh 
49oadult or piping shaU be so grouped that curteitt in both (Erections is 
<K|ual. 
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Wiring in Attics and Roof Spaces. — Conductors in unfin- 
ished attics and roof spaces shall comply with the fdlowing: 

1. Conductors in unfinished attics and rooi r^ces shall be run through 
or on the sides of joists, studs and rafters, except attics and roof spaces 
having head room at all points of less than three feet in buildings completed 
befm the wiring is installed. 



AS INSUUTOR 

Figs. 5,260 to 5,262.— -Methods of protecting wires when running through sttici and root 


2. If conductors in accessible unfinished attics or roof spaces readied by 
stairway or permanent ladder are run through bored holes in floor joists or 
through bored holes in studs or rafters within seven feet of the floor or floor 
joists, such conductors shall be protected by substantial running boanb 
extending at least one inch on each side of the conductors and securely 
fastoied in place. 

3. If carried along the sides of rafters, studs or floor joists, neither run- 
ning boards nor guxuti strips will be required. 

Type of Outlet Boxes*— Porcelain boxes are available in 
the usual three and one-half and four-inch octagonal outlet 
type, as well as flush and surface switch type, with covers to 
fit, as shown in figs. 5,263A to 5,263M. The knockouts are 
thin sections of porcelain, well inrotected against accidental 
mnoval, yet easily and quickly removed with screw driver or 
similar tool. 
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Four of the knockouts are large oiough tat cable or rubber- 
covered wire inside of loom. Eadh box also has two smaller 
knockouts to take rubber-covered wire directly. Being on the 
opposite sides of the box, they automatically keep two wires 
entering the box far enough apart and far enough from the 
surface, so that no additional protective covering is required. 



NO. 8313 -3 >4*' 
Na 8314-4" 


NO. 8630 



NO. 8793 -C NO. 6922 




NO. 8353 -3*4’* 
Na 8354-4" 



NO. 8343 - 314 " 
NO. 8344 -4" 



NO. 8333 -3 >4" 
NO. 8334-4" 


NO. 8323- 3 VV* 
NO. 8324 -4" 



Na8383-3V4" N0.8363-3>4" NO. 6920-3V4" 
NO. 8384-4" NO. 8364-4" NO, 6921-4" 



NO. 8312 NO 8394 


PiGt. S,263A to 5,2G3M.-«Oct«gon porcelain outlet boiea and ooven. 


Mounting Porcelain Outlet Boxes. — ^Porcelain outlet 
boxes are mounted readily and easily, the method of mounting 
depending on the location and the material on hand. 

In <^}en yrork, the box can frequently be mounted on a 
ceiling or wall, using No. 9 woodscrews one indi kmg for the 
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purpose. Mounting on a board spaced between the two joists 
is very similar, as noted in figs. 5,264 and 5,265. 

The tmual “deep” offset hanger is also in cmmnon use for 
mounting these boxes between joists, the box bdng attadied 
to the hanger with fiat head stove bolts, with head inade of 



Vm. iSJWS, M t th o d of m o u n t ta f ootiet boo m on ho m w i of dioMnilM; Ummim 

ftuho ulwon u oaedlcBt Mpport for Uw bait and wU, in wUMm, fitffitain jtt* 

fWOflNSf iMOCmCflt* 
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box, as shown in fig. 5,266, or by means the standazxl 
combination fixture stud. 

CROW- FOOT 
FIXTURE STUD 

FIXTURE 

Fi 6&. 5,267 and 5,268.^howiiig additional methods of fbcttiie support. 






; m, SilOVa NO. 8358 NO. 8388 NO. 8338 NO. 83;?8 


8JW8A to 5,20M.— Varknis switch and receptacle outlet boms and oovm. ^ 
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The crow-foot shown in fig. 5,267 may be attached to por- 
celain boxes by means of flathead stove bolts, or if the box 
be mounted on timber, by wood screws long enough to readi 
the bottom of the box and into the timber. Either method is 
acceptable. If stove bolts be used, they should be inserted 
from back of the box with the nut inside box to assure isolating 
the stud from electrical contact outside the box. 

Fig. 5,268 shows the use of a fixture strap and jMpe nipide 
to suppcHt the fixture. Fixture straps usually have slotted 
mounting holes for mounting on either three and one-quarter 
or four-inch boxes. 

Switch Boxes. — Porcelain switch boxes are available in both 
the flush- and surface-mounted types as shown in fig. 5,269A 
to 5,269M. 

Porcelain switch boxes are especially advantageous from a 
safety standpoint, because with many brands of switches, re- 
ceptacles, and similar devices, there is very little room between 
the terminals and the sides of the box. Particularly if the 
device is not mounted perfectly straight in the box, the terminal 
may come perilously close to the side of the box. Then there 
is dianger that the bare wire, where it attaches to the terminal, 
will touch the wall of the box; a dangerous situation with a 
box of conducting material, but harmless and safe with por- 
celain because the box itself is a perfect insulator. 

MonntiBg Switch Boxes. — ^Surface type boxes are mounted 
as described for outlet boxes. The flush type may be mounted 
in sevoel ways. The ears on the flush type are adjustable, 
so that the front edge of the box can always be brought flush 
with the surface of the plaster. Incidentally, plaster forms a 
firm bond with porcelain boxes, making a particularly neat job. 
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Each flush switch box is provided with a pair of slotted 
metal hangers which makes their mounting simple. The two 
hangers are attached to the ears on the end of each box, as 
^own in fig. 5,270; the hangers are then nailed to an upr^t 
stud as shown in fig. 5,271. The ears'are still adjustable so 
tliat the front edge will line up with the plaster. 



The box may also be mounted directly on wooden strips as 
in fig. 5,272 or by the aid of the well known metal “Kruse 
strips” of fig. 5,273. These strips are folded pieces of metal 
with a U section in which the ears of the box rest. 

Sitrfolet Wiring. — A Surfolet is an Underwriter’s-approved 
combination outlet box and wiring device such as a switch, ot 
plug'in receptacle, or screw-shell receptacle. 

Surfolets are used in attics, cottages, warehouses, farm 
buildings, etc., or in fact any location where surface wiring is 
acceptable. They combine all the advantages of a p(Hrcdain- 
protected wiring system with the additional advantages of 
tjfuick. easy installation. 
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Fig». 5,272 and 5.273. — Method of mounting switch^ boxes between wall studs or other sup- 
ports in wooden frame construction. 



SURPOLIT SASf 


Am. S^4A to 637*0.— Vmiam oiirfolet* outlet fixtune with boM coBotetiamj, 
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In addition, they eliminate all soldering and taping, which 
operations are frequently carelessly handled. Surfolets are 
used with knob and tube or non-metallic sheathed cable wiring. 
Connectors are not required but the conductors must be 
anchored within eight inches of each device. 

Only six different Surfolets are needed for any wiring job, 
as shown in figs. 5,274A to 5,274G. They all use the same 
base, except the three-way switch shown in fig. 5,274G. Note 
the “hump” on one side of the base; this assures correct installa- 
tion of all covers. 

Knockouts are removed by tapping with a screwdriver or 
similar tool from the outside. At each end of the base are two 
knockouts, that is, a small one for a 2-wire cable and a large 
one for a 3-wire cable. Each end contains in addition two 
still smaller knockouts for rubber-covered wires. 

It will be noted that the terminals are nniarked from 1 to 6. 
A brass jumper connects 3 with 4, a whiteish jumper connects 
2 with 5, solid brass jumper connects 1 with 6 in all devices 
except the three-way switch. The three-way switch has a split 
brass bar as shown in fig. 5,274G. 

The various devices built into the covers make contact with 
these jumpers through flat spring fingers, when the cover is 
installed on the base. 

The general connection scheme works as follows: 

1. The load is automatically connected to terminals two and three when 
cover is screwed to the base. 

2. Closing a single pole switch connects terminal one to terminal three. 

3. When a three-way switch is installed, and with the handle of the 
■witdi in one position, terminal one is connected to terminal six. 

In the other position of the switdt handle, terminal one is connected to 
terminal three. 
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Insta^tion oi Surfolets is rdativdy dmpie. itcpiiiing no 
qiedal exjdanation. Fig. 5,274G shows the premier method oi 
attaching cable to base. Note that the separate wires oi the 
cable are brought around the boss surrounding the screwhote 
for the mounting screw. Practical installation diagrams for 
various common circuits are shown in figs. 5,27SA to 5,279C. 



I^mide Outlet . — A simple two-wire outlet is installed by 
pladng the base in the desired location, attaching the udiite 
neutral wire to terminal No. 2, which is of whiteidi color. The 
black or "hot wire" is similarly connected to tominal No. 3, 
as shown in fig. 5,275A. The installation is comideted by 
imviding the proper style cover which is secured to the beute 
in the u»ral manner. 
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S^tehed Outlet. — Fig. 5,276A shows the outlet of fig. 
5,275A, now controHed by a switch. In this installation, the 
white neutral wire is attached to terminal No. 2 as befixe, but 
the black or “hot wire” is attached to terminal No. 1 erf the 



INSTALL ANY TYPE INSTALL NO. 8410 SINGLE 
OUTLET ON POLE SWITCH ON 

BASE ABOVE BASE ABOVE 


I^.277J^ to 5.277C.^Sanie an ftit 5.27(fA, exocpi fdcdini; on to another outlet* 
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Installation of Surfolets is relatively 'simple, requiring no 
special explanation. Fig. 5,274G shows the proper method of 
attaching cable to base. Note that the separate wires of the 
cable are brought around the boss surrounding the screwhole 
for the mounting screw. Practical installation diagrams for 
various common circuits are shown in figs. 5,275A to 5,279C. 



Pigs. S,275A to 5,275E. — Showing a timple surfolet 2>wire outlet with suitable 


Simple Outlet. — simple two-wire outlet is installed by 
idadng the base in the desired locaticm, attaching the white 
neutral wire to terminal No. 2, which is of whitdsh color. The 
black os “hot wire” is similarly connected to terminal No. 3, 
as shown in fig. 5,275A. The installation is completdl by 
providing the proper style cover which is secured to the ba»e 
in the usual manner. 
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Switched Outlet. — Fig. 5,276A shows the outlet of fig. 
5,275A, now controlled by a switch. In this installation, the 
white neutral wire is attached to terminal No. 2 as before, but 
the black or “hot wire” is attached to terminal No. 1 of the 


2 WIRE CABLE 



FEED 



INSTALL ANY OF 
THESE COVERS ON 
BASE ABOVE 


Figs. 5^6A to 5, 276F.— Simple surfolet 2-wire outlet with switch in circuit. 



INSTALL ANY TYPE INSTALL NO. 8410 SINQLC 
OUTLET ON POLE SWITCH ON 

BASE ABOVE BASE ABOVE 


Plus. S,277A to SJi77C. — Same m flu. 5.27(>A. except {cediitR on to anotlier outlet. 
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first base instead of terminal No. 3 as in the case of the un- 
switched outlet. A piece of two-wire conductor between the 
two bases completes the installation. 



POLE SWITCH ON OUTLET ON 

BASE ABOVE BASE ABOVE 

Figs. 5.278A to 5,278C. — Same as fig. 5.27GA, except feeding through the switch. 




INSTALL NO. 8410 SINGLE INSTALL ANY TYPE 
POLE SWITCH ON OUTLET ON 

BASE ABOVE BASE ABOVE 


Figs. S.279A to 5.279C. — Same as fig. 5,276A, except feeding on to another outlet. 


If it is desired to continue the feed beyond the switch, for 
additional outlets not controlled by the switch, it is merely 
liecessary to run three-wire instead of a two-wire cable between 
the first two bases and continue from terminals No. 5 and No. 
6 of the second base, to the new outlet as shown in fig. 5,277A. 




Wiring in Moulding 


3^09 


CHAPTER 106 

Wiring in Mouiding 

“Raceway Wiring” 


The term raceway is now frequently used instead of mould- 
ing. By definition a moulding or raceway is a proactive cov- 
ering for exposed wires. 



Fig. 5,284. — National tmall two pieca moidding adapted to either laying in or fishing. Thin 
moulding may be screwed directly to the surface through the holn provided in the basfr 
or it may be secured by straps provided for the purpose. 



5*285.— National two wire one piece mouldiiig. 
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Mouldings may be divided into two classes with reflect to 
the material of which they are constructed. 

1. Woodoi; 

2. Metal. 

Although the Code still permits the use of wooden moulding, it is pfx>- 
hibited in some cities by local ordinance and is now practically obsol^. 




Fio» 5.286 .^National four wire one piece in?tal moulding. 
F!ig. 6.287. — ^National four wire two piece metal moulding 


Raceway wiring (either wood or metal) should never be installed in 
damp i^ces. because the wires are close togetlier and m<^tore easily 
enters a raceway. 


Metal Mouldfatg. — ^This kind of cadng for wires, also known 
as racewety, provides a metallic box-like covering which Sts 
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I'lG. 5,288. — Method of laying in wife* in NaUoonl two piece mouldioff. After the wine M 
in place snap the cap over the base as shown. To p er fo r m this operation properly* place 
one hand under the capping, hold it at a slight angle with the base, press one Md over the 
bSse, and at intervals of two or three inches, exert a steady pressure on the capping. Do 
not lay the capping squarely on top of the base and pound it. By the method shown the 
capping snaps quickly and easily over the base . Laying wires in long ceiling runs of moulding 
Is acoomplisbed easily in nearly the same manner as shown above* except that the wiina 
should be guided and held in the capping by the hand which keepa it at an angle with tbi 
base 



Kio. 5,289.— Method of cutting metai moulding vrith thrae oornered die. in oia a 

unalt pleoa of capping for a atraight edge, aa ahown: mark the baae or e^qiSag daapfy .and 
break it off* being very careful to mark the moulding deeply on both aite. 
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F^gs. 5,290 to 5,292.— National metal mouldiiig; two piece or laying in type. Tbe two piooM 
are lo formed aa to »nap together, tbe cap over the baae ae in fig. 5,292. 



snugly over the wires and pro- 
tects than from injury. As 
oanpared with wooden mould- 
ing, the metal moulding takes 
up less room and has a bett^ 
appearance. Two leading makes 
of metal moulding are illus- 
trated to explain this method of 
wiring. 

Metal mouldings are made in 
two types which differ greatly 
horn each other, requiring dif- 
ferent methods of inserting the 
wires as by 

1. Laying in; 

2. Fishing. 


Fig. 5w 293. — ^Method of attaching bam of National two piace moulding to criHtig or wan. 


NOTB.— Method ofr ving capping from two piece moulding. Tq ra m ona, lift the capping 
from the baae at one end by pnrbig with a ecrew driver, then elide the blade of the accaw 
driver the frill leagth betwaeo the capping and baae. 
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Tu». B.297 to 5.m.-*Mediod« of •upportlng National metal moulding, ^ en imod* «to 
flat head aciew; B, plaatcr on wood lath, um flat bead wood acmw; C, brU^ w 
IMO Crawtolug or lead ehield; 0« plaeter or metal lath, me National toggle« €| hculow tile* 
nae National apring head toggle; F, on metal ceiling, uee National epring hawl toggla* 
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NatkMud Metel Monldiiif;. — ^This moulding is made in two 
types, each in two wire and four wire sizes, giving the workman 



Pig. 5^303.— Method of coupling National metal moulding with aupport fitting. The joint 
it covered by a joint cap fitting. In this method of coupling, lengths of four-*wire mouldipg 
can be snapped into the coupling only with cap and base assembled, and the wires fished 
through. The two wire moulding can be snappy into a special coupling fitting assembled, 
or the base alone can be supported; which allows the wires to be laid in, or fished at the 
option of the wireman. PUNCHCO 



Figs. 5,304 to 5,306, — ^Base coupling fitting and method of coupling. This is for four wire 
moulding only. To couple, first punch key hole slots in the moulding base with 
punch. These slots fit around the two screws M and S. fig. 5,304. The center hole Q, is 
for fastening the base to ceiling or wall The base coupling can only be uaed when ^ bass 
and cap are installed separately. 
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a chdce of laying in or fishing wires. The laying in form 
ctaisists of a base and capping or cover made of steel, as shown 
in figs. 5,290 and 5,291, and assembled as in fig. 5,292. 

In the installation of the moulding, , there are two methods of cutting 
the moulding — by hack 9aw or by a special shear. 

If a hack saw be used, select only a fine toothed flexible hack saw with 
tempered edges; coarse toothed blades crack and break on moulding. 

When cutting moulding with a hack saw it is not necessary to cut all 
the way into moulding, but only just nick the moulding, so ^ if it be given 



ktcs. 5,309 to 5,311. —Method of connecting National two wire one or two pieoe mouidinge 
into devices. The adapter takes these mouldings into all device twistouts. The large en« i 
of the adapter connects to all device basn by the push At method (shown in figs. 5,334 to 
6,338 for four wire xnoidding) and the two wire moulding snaps into the sn\aU end of it. 


a slight up and down motion it will break apart. Files also may be used, 
the three cornered being the best. Holes must be punched in the base for 
screws, these can be made with a special punch or may be drilled by a twist 
drSl in a brace or breast drill. 

Bending * — The base and capping must be assembled and bent as one 
piece of moulding. The moulding is quite soft and is easily bent over the 
knee or the edge of a table; hickeys may be obtained for this purpose. 

Avoid crossing the wires in the capping as this causes capping to bulge 
and short circuit. The moulding is coupled togetlw bv means of sped^ 
cxnndingB 


3,216 


Wiring in Moulding 



nos. 6,3li to 5^15. — Uae of National utility box for juoctiOD,, branches and taps. 
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In running amund beams the base only is bent by cutting a 90** V with 
a hack saw at the bend. Both internal and external bends may be made 
by means of these notches. The capping is then laid in place after which 
the comers are covered over with special elbow covers. 


The two piece motilding allows ready access to the wiring 
for extensions or inspection. 


ATTACHMENT 
SCREW 



CLIP riTTIN6 


ONE Pie.CE MOULDING 


Pig. 5,322. — ^Method of supporting National piece metal moulding with a spring clip 
fitting. First the fitting is attach^ to the ceiling or wall with a screw, then the run of mould- 
ing is '^snapped'* into the fitting. 



Frot. 6,323 to 5,32S.-*Method of opanccting Nationa] moulding to fisture oot^ta and ean^ 
etdM, ttuoogh canopy baaea and fixture studs. Fig. 5,323, plate; fig. 5,324, fixture In 
niaet; fig. 5,325, ooeer and canoor ready lorfasteulnc. 
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It also permits addition of tunneled base devices to completed instaUa 
tions, and makes it possible to assemble a number of these devices m a 
l^igth of moulding, as a unit, to be later placed in show windowSf Otc. 

The smallest size of National two piece moulding, ^own in 
fig. 5,284, permits either laying in the wires then caiqpring it, or 
fishing wires through the assembled moulding. 

One piece mouldings consist of oval metal tubes in whidi 
ample room is provided for fishing wires. 


SUPPORT CUP 



Fig. — ^Method of coupling lengths of National one piece moulding with support fittiof 

and coupling cap. 



too suddenly. 
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A method of Bujqsorting one piece moulding with a spring dip fitting is 
diown in fig. 5,322. Lengths of one jnece moukling are coui^ as shown 
in fig. 5.326. 

The two wire, one piece and four wire, two piece mouldings 
can be bent to an arc of 4 in. radius with the bending tod 
shown in fig. 5,327. 





Figs. 5*328 to 5,330. — Method of making eatmnal 90" angle by notching, 
Fig 9 . 5,331 to 5,333. — Method of making internal 90" angle by notching. 



These mouldings should be bent assembled to give the capping and baae 
the same curve. It is not advisable to attempt bending the four wire 
one piece moulding. 

90"* as angles are made in four wire two piece moulding by notching. 
To make a 90^ external angle by notching, saw a vertical slot down timmgh 
the sides to the flat part of the base as in hg. 5,328, then, bend it arou^ 
the angle as in fig. 5»330, and snap on a 90^ external angle elbow 
fig. 5,329. 


To make a 90^ internal angle by notching cut a V shaped notdi from 
the sides of the base with a hacksaw or three cmmered file, as in fig. 5,331, 
then bend the moulding into the angle, as in fig. 5,333, and mip mi a 90* 
internal angle elbow cap, fig. 5332. 
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There is a multiplicity of fittings for metal mouldings and no attempt 
b made to show all of them, but from the explanaticms and illustmtkm 
given the manipulation of the fittings must be apparent. 



I^MS. 5.334 to S.338.— Method of connecting National four wire, one and two piece mouIdJiiflS 
into ^vicea. These mouldings slide under the tongues in all device bases. Before fin ally 
placing the i^vioe cover, the twistout must be removed, as shown. The buahinjg is required 
when connecting into devices, to protect the wires from abrasion. As shown it is inserted 
in the capping. 



Ibo, 5.339.*<— End of Wiremold moulding showing coupling. 

i!ia« 8'340.-*Metliod of fastening end of Wirsmdld moulding to ceiling with screw. 
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WirenuM Metal Mouldii^. — ^This type of moulding has no 
removable cap and is installed like vmnight pipe except that 
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a “slip joint” is used for coupling lengths and for coupling 
with fittings rather than the threaded coupling reqtured for 
pipe. 

Pig. 5.341 shows the appearance of the moulding. Each l^igth la fur* 
nished with a coupling as in hg. 5.339. To connect lengths of Wiremc^d 
conduit, first push the coupling part way out to the end of Wiremdd con- 
duit and ^ten the coupling to the ceiling or wall as shown in tig. 5340. 

Slip the next length of the moulding over the edges of the^ coupling as in 
fig. 5.360. thus providing a cor'-^ed coupling as well as support at the 




«lb9W bM in uinial way. at in fig. S.350; tnttoll acrew-on bea|n strap bate aioend beam, 
aa ta fig. 5,351; S, lay wires against base pieoea. as in fig^ 5.353: 4, cut alUle-ofi capping and 
slip on over base, as in fig. 5,353; S, snap an elbow coven, aa in fig. 5.354 
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Pm. 5,357 to 5,3S9.*-Method of making a 90* turn with a Wiremold flat 90^ elbow. Pim 
laaeinh le coupling tongues in base plate as in fig. 5,357, bekig careful that the ooiqdlng tongue 
goes oui$id§ the moulding base. After fastening the base plate to the wall with wood screw 
or toggle bolt, push in or fish in the wires as in fig. 6,358. Finally, snap on the elbow oowsTs 
breaking off the crescent shaped twistouts in the ends (hr use with the four wire iiiDUhliag. 
Do not put covers on any of these fittingB until wir***«^ is completed. 
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Figs. 5,361 to 5,363. — Wiremold bender and its uae. 
To make an internal bend or offset with Wiremold 
bender , put Wiremold conduit into the tool at shown 
in fig. 5,361, apply pressure dote to the tool at in 
fig. 5,362, and finish bend as in fig. 5.363. External 
bends or offsets are made in same manner by simply 
reversina nosition of the moulding in the bendler. 


PvG. 5,364. -"-Method of making bends or offsets in the 
middle of a length of Wiaemold moulding with 
bender on floor using foot support and appl3riiv 
p res s u re close to tool as indicated by arrow in cii 
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end of ench length. Between ends, the moulding is supported by elipe. 



— Wiremold rdferenee chart. 
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Vt<i» Wiremold reference chert. 
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Twi-titvJ Rlhow 
SictcMMlI It I rolling 


TwisMil Toe 
Sidewall («• Celling 


Twi-Hicd Tw 
Ceiling lo Sidewall 



Fl<}» 5^9.— Varioui wiring lerviceg for Wiromold No. 5719A comer bos* 
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TEST QUESTIONS 

1. What other term is used in place of mouldings? 

2. What is the best kind of moulding to use? 

3. How many wires are carried in metal moulding? 

4. Give method of laying in wires in two piece moulding 

5. How is metal moulding cut? 

6. Describe the method of fastening moulding to ceilings 

or walls. 

7. How are two lengths of moulding joined together? 

8. Describe a special tool for cutting moulding. 

9. Give various methods of supporting mouldings, 

10. Describe the fittings used for coupling mouldings. 

11. What kind of hack saw should be used in cutting 

mouldings? 

12. Describe the method of bending moulding. 

13. How is moulding run around beams? 

14. What IS the advantage of the two piece moulding? 

15. Describe method of connecting moulding to fixture 

outlets. 

16 What is the method of coupling one piece moulding"* 
17. How is the special bending tool used? 

IS. Hoio are 90® angles made? 

19. Describe some of the futings used. 
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20 . Give the method of connecting four wire, one and two 

piece mouldings into devices. 

21 . How does "wiremold" metal moulding differ from 

other mouldings? 

22 . Describe the various wiremould fittings. 

23 . How is wiremould run around beams? 
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CHAPTER 107 

Wiring with Armored 
Cabie 


Armored cable consists of a cable in which the conductor or 
conductors are covered by a specially wound steel casing. 

In the manufacture of armored cable the steel strip which 
fmms the armor is rolled and galvanized; the conductors are 
twisted and covered and finally wrapped with the armor strip. 

* The shape given to this strip is the result of careful scientific study and 
test* It is this shape which gives strength and flexibility. On account 
of its flexibility armored cable is an ideal form of wiring for those types 
of installation where there are many turns and short runs. It is a very 
eoonomicai method of wiring finish^ buildings, as it can readily be in- 
stalled without defacing walls or decorations. 

Armored cable is manufactured with single or double strip armor but 
the single strip is the type generally used. 

Single strip armored cable is formed of one continuous strip, 
with the edges rolled over to fit together; the convolutions 
are rounded. 

Double strip armored cable has armor formed of two chaimel 
diaped metal strips, wound so that their upturned edges face 
and engage each other, giving an armor of double thickness 
and great flexibility. 
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It has flat convolutions which make fishing of wires and pulling through 
holes easy. The sectional view, fig. 5,381, shows the construction of 
amKMred cable. 

While wiring with armored cable has not the advantage of 
the conduit systems, namely, that the wires can be withdraw 
and new wires inserted without disturbing the building in any 
way whatever, yet it has many of the advantages of the flex- 



Fig. 5,381. — National armored cable showing insulation and construction ot the armor* 


ibie steel conduit, and it has some additional advantages of its 
own. 

For instance, in a building already erected, this cable can be iished be* 
tween the floors and in the partition walls, where it would be impossible 
to install either rigid conduit or flexible steel conduit without disturbing the 
floors or walls to an extent that would be objectionable* 

Armored cable is less expenmve than the rigid conduit or the fleidhb 
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Steel conduit, but more expensive than cleat wiring or knob and tube wir* 
ing, and is strongly recommended in preference to the latter. 

Where the cable is subject to moisture, as on the outade of 
a building or underground, lead covert armored cable must be 
used. 

The difference between the latter and the ordinary armored cable ta 
that a continuous lead sheath is placed over the wires and rite whole it 
then covered with the fleidble steel. 


GS3 

RIGHT 
WAY 




WRONG 

WAY 



Fict. S.382 and 5,383.— Right and wrong way to cut armored cable. 


Cutting Armored Cable. — In order to properly remove the 
metal casing or armor, a fine toothed hack saw should be t^ed. 
(24 teeth to the inch) or a special tool, such as shown in 5,393. 

Tbe armor la cut diagonally across. The cut should not entlrdy cut 
throui^ the sheath, but should be deep enough so that it will br^ it 
given a sli^t inward bend. Do not cut too deep as this may sever the wues 
or puncture the insulation. 

F^. 5,382 and 5,383 dww rigbt and wrong methods. 

After armor dteath has been removed, the outw protectiug braid must 
be removed ftom the duplex conductors. TUs is best done bv making a 
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slit one inch below the sheath about one inch long, and then by pulling 
the outer braid it will readily come off without much effort. 

Before the cable is installed it should be examined at each end to see 
whether any part of the sheath punctures the insulation. 

This is very important as grounds and short circuits are often thus 
accidentally made. 

In order to protect the insulation on the conductor from 
being cut by the sharp edge of armor a bushing is inserted. 



Pig. 5,384. — Preparing National cable end for installation I, Cut armor. Quickest 
method of cutting armor is as shown, holding hacksaw at 45° angle to cable. The cut should 
be made several inches from the end to allow for making joint in outlet box. 


The method of cutting, stripping and inserting the bushing is shown 
in figs. 5,384 to 5,391. The importance of bushing the end of a cable 
is shown in fig. 5,392. 

Installation of Armored Cable. — In die work of installing the 
cable, the outlet boxes should be located and installed first. 
The boxes can thus be used as guides for boring the holes. 
It is advisable to bore all the holes before installing the cable. 



Ptc, 5^386.-— i*r«par/nF National cable and for installation S. Ramnt arntar. Uiider« 
neftth tbe armor it the Kroft armor, or protective covering wrapped over the insulated ooa 
ductora. 



/IG. 5«387.— Preparing National cable end for inetallatlon 4^ Unwind preiectire ceeerim^ 
(liit it easily done as shown. 
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PlO. 5,388. — Preparing National cable end for inetallation 5. Break oif protecliee cor 
ering. This will easily snap off by hand. 



Figs. 5,389 to 5,391 . — Prepariug National cable tor inetallation 6, Ineert bugking^ Ubit 
bushing piotects the insulation from being cut by the edge of the armor. It is placed around 
the (^ductors as shown in figs. 5,389 and 5.390 and is pushed inside the armor as in 5g. 5,391 
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Holes should be bored through floor beams at right angles instead of 
indined as it makes it easier to pull through the cable. 

In order to avoid imdue fatigue in boring, the holes may be bored be- 
tneen two outlets and then insert cable, rather than bore all the holes 
before inserting cable. 

To insert cable, take the roll of cable and after preparing 
the end as explained in the preceding section, thread the cable 



Fig. 5,392. — Detail of National armored cable with end cut and buslied, Ghowing how the 
btiahing piotecta the conductor insulation from the ragged edge of the cut armor. 



Fw. 5,a93.-*-A.uatiii annored cable tool. Strips the armor from any single strip armorea 
cable la aiaea 14-2, 14>3, or 12-2, without any possibility of injuring the insulation of tbs 
wire. Cuts cable, wire or non-metallic flexible conduit up to H in. outside diameter. Haa 
aiatfllary ^iera with extra leverage. In using the cutter, slip the tool on the cabte, open 
the baadleiaefaraathey willgo. then dote the handlea. The armor is not severed deaiily, 
the cable alipt out of the tool Do not attemot to sharpen the blades; use new oaea. 
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through the holes up to the outlet box and fasten it with a 
clamp or connector to the outlet box. 



Fig. 5,394. — Armor as cut. showing the ragged edge along the cut. Unless a bushing be in- 
serted to protect the conductor insulation from the ragged sharp edge of the armor, the 
insulation may be pierced, resulting in a short circuit 



Ffo. 5,395, — National clamp type box for armored cable. A few turns of a screw driver so* 
curely fastens the cable in place. Thia box will also take loom or both loom and armored 
cable In the same box. 
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Fig. 5,395 shows a box arranged for clamping. One form of ooimector 
is shown in figs. 5,396 and 5,397 and the method of connecting it to the 
cable and box in figs. 5,398 to 5,404. Another view of the box and com- 
pleted connector is shown in fig. 5,404. 

After fastening the cable to the outlet box, it is pulled fairly taut and 
cut off at the proper point to connect up with the other box. 



f^GS. 5,396 and 5,397 . — National connector and lock nut showing detector or lugs which engaaa 
w*th the end of bushing. 



P^G 5,398 . — Connecting coble with box 1. Place bushing around conductors. 


In cutting off the cable be careful to cut it off at the right 
length so that it will project into the box six inches, or fat 
enough to properly make a joint. 

If the cable be cut off too short it will be necessary to remove it and put 
in another cable of the right length as joints are not allows between boxes, 
baux the impcMtance of being careful to cut off the right length of caUe. 
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When the cable runs parallel with joists or studs, it is fas- 
tened to them with pipe clamps. 

In wiring an old house, the procedure is similar to that in 
a concealed knob and tube installation. The cable must be 
fished from outlet to outlet and then must be fastened into 
the outlet boxes. 

Being metalHcally sheathed, the wires need no additional protection. 



Pig. 5,399. — Connecting cable with box Z. Threat) cmductors through connector. The 
latter alidee down on cable so that end holds the bushing in protective position inside of 
cable and the cutaways or open spaces between the lugs permit wireman or inspector to see 
that the bushing is in place. 
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Fic». 6,4l01 to 5,403 . — CkfnnecHng cable with box 4, Thread conductors and end of ooo« 
Hector through knockout of box and put on nut. 



VjQ, 5,404 .--^Oonneceiikir cable with box S, Tighten lock nut. Thie fituahea the operatiOQ. 
It wUl be noticed that the type nut shown can be tightened with a screw driver, wbi^ may 
be an easier method than using a wrench in cramped positioDs. 
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Fig. 5,405. — National connector connected to outlet box showing bushing. 
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It is advisable to fasten the armored cable to timbers hv mMane ■ 
straps, wherever access permits this to ^ d^e ^ 

ceiMng.^’'*^ armored cable around a cove 

“S'* T** “»”»»■« 
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InstallatioBS of annored cable ahall comply with the requirements of the 
National Electrical Code. 

Armored cable (Type AC or ACT) may be iised for both exposed and con- 
cealed WOTk in dry locations, for underplaster extensions as provided by ^e 
N.E.C.; and imbedded in plaster finish on brick and other masonry, except 
in damp or wet locations. Armored cable (Type ACV) in sizes No. 4 and 
latnjer, ma^r be used for exposed work in dry locations in buildings occupied 
for industrial purposes. 

Armwed cable shall contain lead-covered conductors (Type ACL) if used 
whoe exposed to the weather or to continuous moisture, for und^ground 
runs and embedded in masonry, concrete or fill in buil^ngs in course of 
construction, or where exposed to oil, gasoline or other conditions having a 
detoiorating effect on the insulation. 

Armored cable may be run or fished in the air voids of concrete masonry 
block or tile walls where such walls are not exposed or subject to excessive 
moisture at dampness. 

Armmed cable shall not be used (1) in theaters, except as provided in the 
N.E.C.; (2) in moving picture studios; (3) in hazardous locations; (4) where 
exposed to cmrosive fumes or vapors; (5) in storage battery rooms; (6) on 
cranes and hdsts, nor (7) in hoistways or on elevators, except as provide 
in the National Electrical Code. 

Annored cable shall be secured by approved staples, str^ or similar 
fittings, so designed and installed as not to injure the cable. Cable shall be 
secured at intervals not exceeding 4U feet and within 12 inches from every 
outlet box at fitting, except where cable is fished and except lengths of not 
over 24 inches at terminals where flexibility is necessary. 

Exposed runs of cable shall closely follow the surface of the building 
finish or of running board except: 

1. Lengths of not more than 24 inches at terminals where flexildlity is 
necessary. 

2. In accessible attics and roof spaces. 

3. On the underside of floor jdsts in basements where supported at each 
jmst; and so located as not to be subject to mechanical injury. 

All bends shall be so made that the armw of the cable will not be injured 
and the radius of the curve of the inner edge of any bold shall be xtA lev 
than 6 times the diameter of the cable. 
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TEST QUESTIONS 

1 . Describe the construction of an armored cable. 

2. Name two kirvds of armored cable. 

3. What are the advantages and disadvantages of ar~ 

mored cable? 

4. Is armored cable as expensive as rigid or flexible 

conduit? 

5. What kind of cable should be used in damp places? 

6. Describe the proper method of cutting armored cable. 

7. What should be done before installing cable? 

8. How is the corxductor insulation protected from the 

sharp edge at the end of the cable? 

9. Describe the method of cutting, stripping and in- 

serting the bushing. 

10. Explain in detail the method of installing armored 

table. 

11. Explain how the cable is attached to an outlet box. 

12. What precaution should be taken in cutting the cable? 

13. If the cable be cut too short, what must be done? 

14. How is the cable secured when it runs parallel with 

joists or studs? 

15. What method is followed in wiring an old house? 

16. How is a snake used in passing the cable through 

walls? 

17. How should bends be made? 

18. What happens to the cable if the bend be too short? 
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19 . What should be done with exposed bends? 

20 . What should be done in order to avoid undue fatigue 

in boring holes? 

21 . Describe the method of inserting cable. 

22. What tool is used in cutting a cable other than a 

hacksaw? 

23 . How is a connector secured to a cable? 




Wiring in Flexible Conduit 


3»253 


CHAPTER 108 

Wiring in Fiexibie 
Conduit 

A flexible conduit consists of a continuous flexible steel tube 
composed of convex and concave metal strips, wound spirally 
upon each other in such a way as to interlock their concave 
surfaces. 

It possesses considerable strength and can be obtained in long lengths 
(50 to 200 feet); elbow littings are not required as the conduit may be 
tent to almost any radius. The fissures of the conduit provide some ven- 
tilation; this is an advantage in some places and a disadvantage in others. 


Flexible conduit should not be used in damp places because 
of the fissures through which moisture may enter. 

Although flexible conduit is easy to handle, because it is flexible, it is 
not desirable to install an entire wiring job with this kind of conduit. It 
is tetter combined with rigid conduit for extensions having short and 
irregular runs, thus avoiding extra and difficult pipe fitting. 

Flexible conduit provides a method of passing through joists 
and studs, avoiding notching. Flexible conduit is made in 
two types. 

1. Single strip; 

2. Double strip* 
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The single strip flexible conduit is made of one continuous 
length of electro-galvanized steel strip, with the edges turned 
to interlock, as shown in fig. 5,409. 

This cohstruction is approved for service under the most rigorous con- 
ditions — severe bending or pulling will not separate the joints. The uni- 
form convolutions in single strip conduit have a flattened outside surface 
which makes the conduit easy to pull through holes and the smooth even 
inside sur^ce allows wires to slide easily in fishing. 



Fig. 5.409. — 'National aingle strip flexible amduit. Put up in 250 ft. lengths and where rnider 
250 in lengths that work out in multiples of 5 ft. from 100 to 250 ft . 


Double strip flexible conduit is made of two electro-galvanized 
steel strips, turned at the edges, and wound so that the strips 
of the outside armor key into the edges of the inside strips, as 
shown in flg. 5,410. 



A I 

■| ' 



Fig. 5. 410 .—National double strip flexible conduit. Can be had in the same lengths as the 
single strip cable. 


This gives a double armor for protection of conductors, having greater 
flexibility, and gi^ter resistance to injury and strain. The long ccm- 
volutions, flat inside and outside, permit the conduit to pull through holes 
easily, and provide a smooth wire channel through whi^ to fish wires. 

Flexible conduit is used to advantage in many cases where rigid con^ 
duits would not be desirable. It is especially adapted to completed buikU 
ings where it is desired to install the wiring by "fishing'* without greutly 
dkturbing the walls, floors or ceilings. 
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In installing flexible conduit, it is "filled” under flows, in 
partitions between the floor and ceiling, by making pockets in 
the floors, walls or ceilings, say every 15 or 20 feet, and fishing 
throu^ first a stiff metal wire <^ed a “snake,” and then attach- 
ing the conduit to same and pulling the corduit in place from 
pocket to pocket. 


On vertical runs, a chain or weighted string is used which is dropped 
from the outlet to the floor and its lower end located by sound of the drain 
end or weight striking the door. 



Ftat. 5,411 and S.412. — Bratt terminal buihingt or femilet. Fig. 5.411. aingle fctrip buahing; 
Ilf. 5.412, doubla atrip buahing. 


For quick and easy installation in making necessary connec* 
tions Muioa&fittings are used with flexible conduit as with othet 
ayatems. These fittings are suitable for armored cable as well 
aa flexible conduit. They may be broadly classed as: 

1. Termixial bushings; 

2. Coiq)lings; 

3. Connectors; 

4. Adapters. 

I^enoteal Bmdiliigs or Femdea.— These bii^iiqsB are taed to 
protect the oonductocs against abraaicHi fimn the taw edge of 
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the cut armor. Two types of bushing are shown in figs. 5,411 
and 5,412. 


Conplings. — ^The object of a coupling is to connect two lengths 
of conduit. There are several types of coupling and they may 
be classifted: 



1. With respect to the condmt, as 

a. Single strip flexible to single strip flexible conduit 

b. Double “ “ " double « « *• 

c. Single “ « « rigid conduit 

d. Double “ « « « 


These various t 5 rpes of couplings are shown in figs. 5*413 
to 5.415 and connections in figs. 5,418 and 5,419. ' 
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These couplings are an essential part of the economical installation of 
flexible conduit, as they make possible the use of short ends. At least one 
coupling should be ordered with every coil conduit. 

Connectors. — These fittings are used for connecting the con> 
duit to devices such as outlet boxes. There are several types 
adapted to the different requirements, and they may be classi* 
fied as 




Pio. S«4l7.*->Flezibk to rigid conduit ooonected by coupling. 

1. Squeeze; 

2. Set screw; 

3. Slip in; 

4. Duplex; 

5. Angle. 
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lliese various classes of connector are shown in figs. 5,418 
to 5,423. 

Squeeze connectors are designed to give a firm grip entirely 
around the armor. They are made of malleable inm, galvan- 
ized, and are supplied with lock nuts. 

Set ecrew connectors are provided with a strong tangential screw which 
is forced between the armor and the side of the connector. As the screw 
normally follows the groove of the armor, it is virtually impossible fot 
the armor to work loose. 

Slip in connectors are designed for quick work. This type connectoi 



Ftos. 5,418 to 5.423.— Various General Electric connectotB. A, squeeze; set acrsw; O 
alip in; D, duplex; E, 45^ angle; F, 90** angle. 
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needs no lode nut, and is iso easy to install that it is a valuable time saver. 
Just nm the end of the conductor through the connector, slip the con- 
nector into the knock out and tighten the set screw. It is made of malleat^e 
iron, galvanized. 

Duplex connectore are used in installations where it is desired to run 
two conductors into one knock out. One duplex in place of two separate 
connectors in two different knock outs, saves time in installing, makes a 
much neater job, saves cable, and doubles the effective number of outlets. 
This latter feature is quite important when one or two of the knock outs 
are inaccessible. The duplex is made of malleable iron, galvanized, and 



Fuse, &,424 and 5,475. — Comparison of separate and duplex connectors. The duplex cotumetot 
takes less time to install than two single connectors, and insures a neater job. A nvlii|‘ 
of 6 ins. of cable is effected also, at every outlet of the kind indicated. 


is of the tangential set screw type. The advantage of using a dui^ex in^ 
stead of two connectors is shown in hgs. 5,424 and 5,425. 

An^le connectors are for the purpose of connecting the conduit at an 
angle to devices such as outlet boxes. They are designed to connect at 
an^es of and 90** as shown in figs. 5,422 and 5,423. In practically 
every flexible installation, a few of these convenient connectors will save 
time and make a better job, as they make possible dose fitting work in 
cramped locations. 
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Fiob. S,438 and 5, 439 .—Rattan connectors. Fig. 3,438, 45® aogk squeeae connector: fig- 5,439, 
itraight panel box equeese connector. 
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Adaptors. — ^All threaded connectors for the prevailing sizes 
of armored conductors and flexible conduit are designed for ^ 
inch knockouts, but by the use of an adapter, it is possible 
to use them equally as well with % inch knock outs. 

It is an invaluable device for connecting armored conductors or flexible 
conduit to condulets which have only the % inch knock out. Any threaded 
connector may be used as a panel connector by connecting with this adapter « 
This fitting converts any straight, thread^ connector into a 90' angle 
connector. Figs. 5.426 to 5.429 show various t3rpes of adapters. 

How to Connect Conduit to Outlet Box. — ^After cutting the 
conduit to proper length and reaming the end, the coimectot 
is slipped over the end of the conduit as in fig. 5,430, and fast' 
ened to the conduit as in fig. 5,431. 

Insert the cormertor through the knock ouc in box and put on lock nut 
as in hg. 5,432. A bushing is next screwed on as in fig. 5,433. When a 
bushing is used, the lock nut may be placed either inside the box or on tha 
outside. 
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TEST QUESTIONS 

1. What is a flexible conduit? 

2. In what lengths is it manufactured? 

3. Where should flexible conduit not be used? 

4. Is it desirable to install an entire wiring job with 

flexible conduit? 

5. Name two types of flexible conduit. 

6. Where is flexible conduit used to advantage? 

7. How is flexible conduit installed under floors, be* 

tween partitions or between walls? 

8. What is provided for quick and easy installation? 

9. Classify the various fittings used. 

10. What are terminal bushings or ferrules used for? 

11. Name several types of couplings. 

12. What is a connector, and what are the various types 
13 What are squeeze connectors used for? 

14. What is the advantage of a slip in connector? 

15. Explain the use of a duplex connector. 

16. Whit IS an adapter? 

17. How is flexible conduit connected to an outlet box? 

18. What should be removed from the box in order to 

connect a conduit? 

19. Can a threaded connector be used as a panel connector? 

7Q. Draw a sketch showing difference between separate 
and duplex connector. 
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21 . What angles are angle cotmectors designed for? 

22 . What is the advantage of angle connectors? 

23 . Are the fissures in the conauit an advantage or a 

disadvantage? 
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CHAPTER 109 

Wiring with Non-Metaiiic 
Sheathed Cabie 

This type of cable is designed for the wiring of resi(tenoe8 
and similar buildings of frame or semi-frame construction 



Fko. S.44(V— InsUUation of non-fueUUic theatbed cable. Mint be one contlououa te|!th be 
tween b<nes. 
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which are generally classihed as dry locations, and in which 
the difference in pressure between two conductors does not 
exceed 300 volts. 


A 



TWO WIRE 


c 

1 


D 

1 








Ftos. 5,441 to 5.443. — Rome non-metallic sheathed cable. The cable is built up by first 
sheathing a rubber covered Code wire, in a tough, closely laid jacket of laminated In^ft 
tape, which is permanently held in place by a cotton braid. After saturation with 
special compounds this semi-firiahed conductor is armoced with a second jacket of long 
fibre kraft tape, and a fire and moisture resistant compound applied. Two or more 
of these heavily armored conductors are then gathered, with their reinforcing filler cords, 
under an extra heavy fabric braid, and the cable given two final impregnations of fire and 
moisture resistant compounds. Made with conductors tanging in siae from No. 14 to No. 8, 
Reference letters indicate principal dimensions. 
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In addition to the usual secondary feeder and circuit wirii^ of red* 
denoes and similar properties non-metallic sheathed cable is being ^dely 
used for installation of circuits for electric ranges and various other heavy 
duty domestic api^iances. 

Most inspection departments permit non-metallic sheathed cable to be 
instead in cellars, in accessible unfinished attics or roof spaces and in 
mivate earaires of not more than two car caoacitv. 



Pto* Poiufft outlet box far notHnetaUic shesthed cdale. 



vullins ^ 
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The construction of a typical cable* as made by the Rome Wire Co., i$ 
shown in figs. 5.441 to 5,443. 

InstallatioD of Non-Metallic Sheathed Cable. — ^This type 



Pro. 5,44B.— Non^oieUllie thenthed cable attached to boa with a connector. 


joto^ or ^ S ^IcSTa.^^ ^f»«t 

outlets, as is indicated in fig. 5,44!^^^ ^ between 
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In fastening the cable, the method shown in hg. 5,451 will suffice wheia 
its appearance is not objectionable, but for a neat job, it should be dcme 
as in figs. 5,452 and 5,^. 
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Non-Metallie Sheathed CaUe at Outlets. — ^Almost any type 
of outlet plate or box for armored cable may be used with the 
dieathed cable as the cable enters and is very tightly gripped 
by most clamping devices. 



' — «•— ill a i(nife and grip either one of the ripped 

parts, as shown in hg. 5,460; rip open ^he de* 
•ifttd length of the outer braid, as in fig. 5,461, and spin off the outer tape as in fig. 5,462. 
To provi^ plenty of room for splices and outlet boxes, the outside tape should be trinmied 
off bade to the outer braid. 

Fig. 5,463 shows typical outlet plate used at outlets on 
jobs. Pigs. 5,464 and 5,465 show types of pans or shallow boxes at out- 
lets. When sheathed cable is used with a fitting having threaded hubs 
for conduit or with a box having knock outs for conduit, squeeze con* 
Hectors should be used as shown in figs. 5,466 and 5,467, 
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Pig. 5,463. — Tsrpical outlet plate-as used far RomeX, and other wire outlets upon old jobs. 
Romeji plates are designed for use at such outlets where conditions do not require the use of 
an outlet box. Knockouts are provided, each of which will accommodate two non-metallic 
oooduits. The special clamps securely hold the loom against all strains. A centrally located 
knockout is provided for gas pipe or fixture stud mounted on bar hanger. Ctearanee hotts 
allow mounting fixture stud on the plate itself. 


-/4 


Wo. 5,464 and 5,465 •‘--fifaallow outlet boxes for non-ttetaDic sheathed eahle sHr* 
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NoB’MetalUe Sheathed CaUe hi CeDan, — In many localities 
the use of rigid conduit in cellars is required, tart in dtetricts 
^triiere such rules do not exist most inspection departments per- 
mit the use of non-metallic sheathed cable, providing the caUe 
be t^tly strapped to the faces or to the sides of timbers wfami 
runniiig with them or is well strapped to running boards or 
guard strips where carried across timbers, as riiown in fig. 5,474. 
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Nim-Metallic Sheathed CaUe on Side Walls. — ^When used 
for open wiring in small private garages, basements, £ann houses 



Pig. 5,469.->-Steel Qty connector for non-metallic sheathed cablea and flexible tubing. Thie 
connectar can be installed outside or inside of a box. 


Pigs. 5»470 and, 5,471 .-"-Method of installing Steel City connector for non-metallic 
cable and flexible tubing. To inatolU snap connector into knock out; insert cable or-tubing 
and tighten screw. 



PtOB. 5,472 and 5,473.*-Steel City connector for non-metalUciheathed cable and flexifala tubing. 
Fig. 5,472, connector assembled; fig. 6,473. The insert is so designed that the nao«fnetallk 
flexible cable is held in the center of the connector so that when the strap is tightened down 
no sharp curve or bend is pot in the conductor. Tim ineert pceeente a fong beating sorlws 
to the conductor. 
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Pio. M75.---MBftliod of runnitiK non^iiietillic theitlied cabte inifide walls. 
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fig. 5,476. Most inspectkm departments permit non-metalHc 
sheath cabte to be run on top of timbers in attics only 
runs are almig under side of roof timbers or axe bade 
fixan scuttle openings. 



f M77ir*Nktloml outlet box for loom aad loom wire. Doable grip duap for loom. Brgm 
lamilelnsdditkmeliouldbeueedforeannnaradcable. Extra knock ool» for able or loom and 
•Grew bole for extra damp. Tbit box aleo taka armored able. 


Due to the limited capadty of the conductors non-metallic sheathed cable 
has few applications for industrial use. 

Non-metallic sheathed cable contains two. three or four insulated con- 
ductoTB encased in heavy insulating protective covering, with or without 
a ground wire. Additional protective covering must, however, be provided 
when the cable is installed. 

Ihe cable is made in standard sizes from No. 14 to No. 4 A.W.O. and its 
use is limited to circuits of 600 volts or less. The two-conductor cable is 
oval diaped, whereas, the three and four conductor cable is round. Oon^ 
ductors are solid in sizes from No. 14 to No. 10 A.W.G^. and in sizes from 
No* S to No* 4 A.W.O. they are stranded. 
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a4lO SWITCH LM»-042O«««44P 

Typicol "M-rtini** Qroiif, vi»h latd of ond beyond SwHcb. 



iOAO- a420 M M40 5410 SWITCH 

Typicol ^Pood*Eiid* Switch Circuit 

Fig. 6f477-6.~Vorlouo wiring devioeo used for non-motoIUe uheathed eoblo. 


TEST QUESTIONS 


1. For what service conditions is non-metallic sheathed 

cable adapted? 

2. Describe the construction of non-metaUic sheathed 

cable. 

3. Is non-metaUic sheathed cable suitable for heavy duty 

domestic appliance circuits? 

4. What is a ripper cord? 

5 . How is the under sheath removed from the conduOors? 

6. Describe in detail the method of connecting the cedde 

to cm outlet box. 

7. What methods are used in fastening the cable? 

8. Con die cable be used with any type of outlet box? 

9. When should connectors be used? 

10. What is cm outlet plate? 

It. Is non-metallic sheathed cable (Mowed in cellars in 
all localities? 
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12 . Explain two types of connector used. 

13 . What method should be used when ccdfle is run in 

attics? 

14 . What are the important requirements of inspection 

departments when non-meUtUic sheathed cable is 
run in attia? 
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CHAPTER 110 

Wiring In Rigid Conduit 

By definition, rigid conduit commonly called pipe (but dif- 
ferent from ordinary pipe used for other purposes) omies in 
lengths of 10 ft. or less, and must never be used in sizes analler 
than one-half inch pipe or nominal size. 

The purpose of electrical condmt is to provide a raceway, 
either underground or throughout a building for electric 
wires. The inside surface must be unobstructed, smooth and 
dry so as to facilitate the pulling in of wire without damage 
to the insulation and to protect it against deterioration and rot. 

Conduit must be ductile. It must be soft enou^ to thread easily, 
yet not so soft that the dies will run rather than cut. This is most im 
portant in making joints. It is essential that the pipe bend ea^y without 
opening welds or flattening at bends. 

Galvanised conduit is recommended for use where the conduit is sub- 
ject to rough usage and where the utmost in nist preventkm is desired, 
it is espedally recommended for use in street work, in concrete or masonry 
construction. 

The following table gives the properties of rigid conduit and 
by comparing this table with a table giving the properties of 
standard mought pipe (see the author’s Engine^s and Me- 
chaoicB Guide, volume No. 7, Page 2,908) it will be seen that 
conduit has the same properties as standard wrought 
pipe (sometimes erroneously t^led wrought ircm pipe). 
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The electrician who installs rigid conduit riiould be a good 


{ripe fitter. For this reason, some helpful information on pipe 



I^GS. 5p479 to 6p482. — ^Principal operations in pipe fitting. The xnpe after being marked to 
length by nicalng with a file is put in a vise and cut with pipe cutter (or hack saw), fig. 
S.479; burrs removed with file as in fig. 5,480. Next the thr^ is cut with stock and diiM 
as in fig. 5.481 and afttf eof^uUy deemiig fArsad with at^j^ tooth brush, and apfdying red 
load or pipe cement to the thread Just cut. the joint Is made up with a StiUson wrench as in 
fig. For interior work, the red lead or pipe cement is omitted, but ehould he need 

where conduit runs underground or where expos^ to ^ater. 
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Not all rigid conduit is made of steel, a limited amount bring 
made of aluminum, whidi has advantages for special .con* 
ditions. 

Aluminiim rigid conduit is manufactured in standard wrought pipe i 
and its dimensions are identical with those of steel conduit. It is fiir* 
ni^d in ten foot lengths, and is enameled inside to conform with standard 
practice in manufacturing electrical conduit . It has standard pipe threads^ 
each length being provided with a coupling. Aluminum conduit can be 
obtained in lengths up to 48 feet. It can be fitted and installed with the 
same tools and in the same manner as steel conduit. 



Figs. 5.483 and 5,484.— Two types of pipe cutter. Fig. 5,483. Barnes three wheel cutter, 
Sg. 5.484, Saunders wheel and roller cutter. 

Kpe Fitting.— The term "pipe fitting" includes the opexz- 
tions which must be performed in installing a pipe system as 
mndft up of pipe and fittings. Tliese operations cmisist of: 

1. Pipe cutting; 

2. Pipe threading; 

3. Pipe tapping; 

4. Pipe bending; 

5. Assembling. 
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Cutting. — The amduit should be cut with a hack saw unless 
ttie pipes are to be thoroughly reamed afterwards. 

In the absence of a hack saw, cutting may be done with a pipe cutter. In 
either case the conduit is clamped in a pipe vise such as shown in hg. 5,485« 

In securing the conduit in the vise, care should be taken (especially 
when threading) that the jaws hold the pipe sufficiently firmly to prevent 
dipping, but the clamp screw should not be turned enough to cause the 
jaw teeth to unduly dig into the pipe. 



5, 4a5.— Ordinary pipe vise. It connUtB of a plain, or hinged (a» thown). U-ihape plm 
COfitaining the clamp screw, the rides of which form guides for the upper jaws. The uppar 
mild lower jaws are provided with a series of rectangular teeth as shown. When the Upioea 
is dosed over the pipe, pin inserted, the teeth of both jaws are brought in nrm contact with 
the pipe by screwing down the upper jaw thus holding the pipe firmly. 

A pipe cutter is a tool which usually consists of a hook shaped fiaine 
on whose stem a slide can be moved by a screw. On the slide and frame 
several cutting discs or '^wheels'* are mounted and forohd into the metal 
as the whole appliance is rotated about the pipe. 

The ^q)eration of cutting a pipe can be done quideer with s 
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I)ipe cutta: than a hack saw, and for this reason the farmer is 
more frequently used, although it crushes the metal and leaves 
a shoulder on ^e outside and a burr on the inside of the pipe. 

This does not apply tc the knife type of pipe cutter. The appearance 
of the cuts made with hick saw and pipe cutter is shown in figs. 5,48fi 
to 5,489. 

The external shoulder must be removed to allow the pipe to 
enter the threading tool so no worry need be given that the 



Figs. 5,466 to 5,489. — Appearance of pipe end when cut by hack saw, and by pipe cutter. 
When a pipe cutter is us^ the internal burr must be removed by a burring reamer as in fig. 
5,4^, and the external burr by a hie as in hg. 5,491 . 

workman will not do this, but it should be ascertained by in* 
apeedon that the internal burr is removed on every cut, especially 
on conduit jobs to prevent the possibility of the burr cutting 
the insulation of the wires which would probably result in a 
^KMt circuit. 

The operation of removing an internal burr by reaming is shown in fig. 5,490. 

NOTE . — With a roller ciiffer a cut at right angles to the conduit it always olitain^di 
witb a wheel cotter a little care in startiiia the cot is hocassaiy . 
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The external burr or shoulder^ caused by using a wheel pipe cutter, 
is removed with a file. Right and wrong methods of filing are shown in 
5.491 and 5»492. 



Pic. &,490.-’MethDd of removing burr from pipe end with brace and a burring raamar. 

Figs. 5.491 and 5.492. — Right and wrong way of removing the shoulder left on pip^ after 
cutti^ with a pipe cutter. Obviously at each stroke, the file should be given a turning 
motion as indicate by the arrow and dotted position in figure 5,491 removing the eseess 
metal through an arc of the circumfSerenoe. The position of pipe is changed in the vise from 
time to time, till the eacesa metal is removed all around the pipe. Wim the opeiatiatt is 
dene as in fig. 5,492, by moving the file in a straight line, it will result In g series of fiet 
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Pipe ThreadiaK. — Having cut the pipe to prqper length, 
filed off the outer shoulder and reamed out the burr, it is now 
ready for the threading operation. The Briggs threads may 
be cut on the pipe ends for screwing into the fittings either by 
means of 

1. Hand stock and dies, or 

2. Pipe threading machines. 



lh;GS. 5,493 to 5,495. — Armstrong adjustable pipe stock and dies for double ended dies. Each 
pair of dies, as shown, has one size thread at one end and another size at the other. Thus 
the two dies in the stock arc in position for cutting H’inch thread and by reversing them they 
will cut ^'inch thread. The cut shows plainly the reference marks which must register 
with each other in adjusting the dies to standard size by means of the end set screws. 


The hand stock and dies being portable, are generally used for small 
jobs, especially for threading pipe of the smaller sizes, although there arc 
some geared forms suitable for large work without undue physical effort; 
the threading machines are for use in shops where a large amount of thread 
ing is done. 

In cutting a thread use plenty of oil in starting and cutting 
the thread. 

In starting, press the dies firmly against the inpe end until they "take 
hold.” Aftff a few turns blow out the chips and triply more <fil. Thia 


NOTE.^There t$ m §rmt emrimiif of etaeke mnd dlee, the typee ebowa ia fip. 5,4^ to 
6,496 bftiag well adapted to ordinary work. It will be noted that the atoek ia that 

ia, the dioe nay ba novod ia or out to vary the dianeter of the tbiaad, tbna Joeaa or light 
fit tfareade nay be cut. 
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di6uld be done two or three times before completing the cut. When 
complete blow out chips as clean as possible and back ^ che die. Avoid 
the frequent reversals usually made by some pipe fitters. 

For lubrication, lard will be found preferable to oil. Apply the lard 
to the pipe end with a brush. In cutting the thread, the heat ^nerated 
will melt the lard which will How to the cutting edge of the die giving 
continuous lubrication instead of spasmodic flooding as is the case when 
using oil.* 



ViO. S.496. — Makeshift nipirte holder as used by some pipe fitters. li conslsfa of a short 
lonath of pipe having a coupling on one end. In op 0 ratton, one end of the nipple isscmwod 
into the coupling, and the die applied to the other end. In doing this the turnup force 
necessary to cut the thread be^ considerable, the coupling will be forced on the pipe (be- 
yond the thread) to some position indicated by the dotted line A, straining the couplk^ 
beyond its elaatic limit and probably cracking aame as indicated. The nipple thus mi^ is 
removed from the coupling and die by the aid of a Stillaon wrench and tome profanity, 
the coupling now being in a condition known to a certain class of workmen as fks 
it it replay by a new one each time a nipple is to be cut. In ending fn fiM Mil* the 
waste of time sind couplings are of no consequence to an unscrupulous mechanic, for these 
items are charged to the customer along w:vh such things as cables, waste, charcoal, oil. 
matchea. etc. — «f a eery HANDSOME profit. 


Threading Nipides. — The pipe fitter usually makes any nip- 
ples required, but usually better nipples (especially the cloee 
and shrat variety) can be obtained fix>m ibe supply house at 
teas cost. 

Nt pipefitUr dtstnmt to it eaUed suck will aOempl to ait nipples wPkout 
m pTt^ nipple koldet, although smne ptumbere and lotne nondeacr^its are 
often g\dlty of nich practice when working by Uie day instead of by die job. 


^9lDTE.^The author is indebted to Mr. Karbisom thread eapert of the Nktkmal Tuba 
Oa., for this suggestion. 
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The ordinary method of cutting nipples as indulged in by some 
plumbers and others as shown in fig. 5.496 for lack of proper 
tools, is very unsatisfactory. 

In emergency, the proper way to cut a nipple with such a makeshift holder 
so as not to split the coupling is to use adjustable dies, as, for instance, 
the Armstrong pattern (figs. 5,493 to 5,495). First take a very light cut, 
then adjust dies and take one or more additional cuts to finish, "^e cost 
of a properly made nipple holder, such as shown in fig. 5,497, is so small 
that it should be included in every pipe threading outfit 

Calculation of Offsets. — In pipe fitting the term offset may 



be defined as a change of direction {other than 90P) in a pipe 
bringing one part out of, but parallel with the line of another. 

Thus in fig. 5,498, it is necessary to change the position of inpe line 
L, at A, to same parallel position as that of line F, because of some ob- 
struction such as the wall £, of ^e building. When the two lines L and 
F, are to be piped with elbows or bends other than 90^, the pipe fitter en- 
counters a problem of finding the length of the pipe H, connecting the tm 
elbows A and C, also to determine the distance BC, in order to fix the 
pomt A, so that the two elbows A and C, will be in alignment. 

Of course in the triangle ABC, the length of pipe AC, and either offset 
(AB or BC that may be required) are quickly calculated by solving die 
triangle ABC. for the desired member, but this involves taking the square 
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root whida is not understood by every mechanic, hence an easier method 
«ill be given for those having limited knowledge of mathematics. 

Ist Method. 

In the triangle ABC 

from which 

AC = yAB*+BC* 



Sxample.^U in fig. 5,498, the distance between pipe lines L and F be 
20 ins. (offset AB) what length of pipe H, is required to connect with the 
46*^ dbows A and C? 

When 45^ elbows are used both offsets are equal, hence substituting In 
equation (1) 

AC -V20*+20*«v'800 -28.28 ins. 

jSnd Method. 

The following rule will be found convenient for calculating 
45^ elbows. 
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gn^.—Tor each inch of offset add ^ 0 / an inch and the resuU 
will be the length between centers of the elbom. 

iSunipw.— Calculate length AC (center of elbows) of the pncecBng 
example by the above rule. 


20X 


53 

128 


1,060 

128 




adding this to the offset 



Fig. 5,499.--C:aIcttIated and actual length of connecting conduit with elbows other than 9(F. 
Note carefully the allowances or deduction from calculated length for jnojectioo of elbows. 


This is the calculated length, and to obtain the actual length, deduct the 
allowance for projection of the elbows as shown in fig. 5,499. 

3rd Method. 

This is for angles other than 45**, such as 22^, 11^. etc.* 
which the pipe fitto* often encounters. For such, the dhh 
tance between centers can easily be found by use of the 
lowing table of constants. 
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Elbow ConstantB 


Angle of Elbow 

Elbow Centers 

AC 

Offset 

AB 

60* 

1.15 

.58 

45“ 

1.41 

1.00 

30“ 

2.00 

1.73 

22J^“ 

2.61 

2.41 

nji“ 

5.12 

5.02 

5H" 

10.20 

10.15 


NOT£.»In the above table the letters refer to fig. 5,500. 



In using the above table, tise is made of the rule whi^ 
fcdlows: 

Bole . — To find length between centers multiply offs^ by mh 
stant for the angle used. 

That is, referring to fig. 5.500. 
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AC =offset AB Xconstant for AC (1) 

BC ^offset AB Xconstant for AB (2) 


Example * — If in fig. 5,500» the distance between pipe lines L and F, 
(offset AB) be 20 ins., what is length of offset BC, and distance AC» be- 
tween center of elbows, for 22^** elbows? 

In the table constant for AB, with 22}^*" elbow is 2.41. Substituting 
values in equation (2) 

BC-20X2.41-48.2 ins. 



For distance AC, between centers of elbows, find in table constant for 
AC » 2.61. Substituting in equation (1) 

AC -20 X2.61 -52.2 ins. 

4th Method. 

Offsets may be calculated by aid of trigonometry as illus* 
trated by the following example. 

Example * — In fig. 5,501, two pipe lines 8 ins. apart are to be oonnectad 
with 30*’ elbows. What is the length of the offset OB and connecting 
pipe OA? 
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From the accompanying table, tan. 60 ■•1.732; length offset OB >1.732 
X6- 13.86 ins. 

Again, from table sec. 60-2; length connecting pipe OA-8X2 -16 ins. 

Natural Trigonometrical Functions 
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Kpe Tapptng. — ^Frequently in pipe fitting, it is necessary to 
cut internal threads oti pipes, as in making pipe headers, lubri- 
cator connections, etc. This is called topping, and invcdves: 

1. DriUing holes to oxiect diameter; 

2. Sometimes reaming; 

3. Cutting the internal threads by means of a top. 

It is first necessary to know what size hole is required for 
the size of tap. 

The table on page 3,297 gives drill sizes which permit of 
direct tapping without reaming the hole beforehand. 

The Brings staiulard is the standard used in the United States. 




Pm. S,S0S and tap and character of iuoit. TJUe IdptfiPwaiM 

cadiaarir taiia in that the amlndcdgM, are grouiid at an angle to the aaie of the tap. 
This aapMC the tap to cut with aihaarhig motion* that it. with the leant r ee ia t a n ce to M 
throat. The angle of the flutes deflects the chipa eo that they curl out and ahead of the 
tap and do not collect and break up in the flotee. 
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DrfU Sizes fmr Briggs Stsndsrd Tsps 

(For direct tapping without reaxnix^ 



H 


H 

H 


t 

IH 

IH 

2 


3 

8ft 

□ 

5im of drill 

ft 


96 

<1 

II 


Hi 



3ft 

3ft 

8ti 

ESI 


Drill Sizes for Pipe Taps 


SissTap 

IkchM 

BniGGS STANDARD 

BRITISH (Whitworih)| 
STANDARD | 

Thread 

Drill 

Thmd 

DnU 

H 

27 


28 

84 

H 

18 

"44 

19 

84 

H 

18 


19 


H 

14 


14 

*84 

H 


.... 

14 

•**4 

H 

14 


14 

*84 

H 



14 

1V4 

1 

itH 

IH 

n 

1*4 

IH 

llH 


11 

IH 

iH 

UH 


11 

1*14 

\H 

.... 


11 

1*14 

2 

im 

2H 

11 

284 

2H 

.... 

.. . 

11 

2*84 

2H 

8 

2*4s 

11 

2>84 

2H 



11 

3*4i 

3 

8 

2% 

11 

3*4 

3M 



11 

3H 

3H 

8 

3>V« 

11 

SH 

2H 



11 

4 

4 

8 

410 

M 

4K 

4H 

8 

4»V« 

U 

4H 

S 

8 


11 

3H 

M 

.... 

.... 

11 

4H 

• 

8 


11 

4H 

7 

8 


11 

784 

i 

8 

884 

It 

384 

• 

8 

384 

11 

384 

to 

8 

1084 

11 

1084 



Figs. 5,504 and 5,505. — Pipe 1»p 
and pipe reamer. Do not use a 
straighi tap by mistake for a taper 
lap 

The table at the left 
(by Greenfield) , gives driU 
sizes for pipe taps for both 
the Briggs oc American 
Standard, and Whit* 
worth, or Britidi Stand- 
ard. 


Figs.5,S04aiid 5,505 ihoir 
a pipe tap and reamer. 
Since the thread is 
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tapered, it might be inferred that after drilling, the hole should be reamed 
with a tapered pipe reamer, but this is not necessary if the size of the drill 
be incres^ed slightly. 

In drilling a pipe for tapping, care should be taken that the 
drill be guided in a radial direction and perpendicular to the 
pipe axis. 


Fig. 5,506 shows a pipe drilling crow designed for the purpose and fig. 



Figs. 5,506 and 5,507. — ^Pipe drilling crow and method of using. Th 0 Ulustrations need 
no explanation. 


5,507, pipe and drill in position. Of course where such device is not at 
lumd, various makeshifts have to be resorted to. 

Conduit Bending. — Instead of using fittings such as elbows, 
tees, Ys, etc., turns in the direction of the conduit are usually 
made by bending. 

NOtE.— I# lUphly important that thraadiny diat be kept in good working condi- 
tkm, for even with uniform pipe it » difficiiit to secure good tJuiMuls if the rhasrrs of a die 
be lacking in proper lip angle, clearance in lead or thread, have broken teidh, or if the die he 
lacking in chip space, sufficient number of chasers, etc. 
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To comply with the Code, the radius of the curve of the inner 
edge of any bend shall not be less than six times the internal diam~ 
tier of the conduit. 



Figs. 6,506 and 5,509. — Auatm combination pipe vise and form bender. Without removing^ 
conduit from the vise it can be cut, threaded, reamed and bent. The tempered jaws can 
be replaced when worn out. 

Fig. 5,510. — Austin conduit elbow former for H and % conduit. 



Figs. 5,511 and 5,512. — Comparison of elbow fitting and ctmduit bend. 


note.— F or cutting threads on regular Beeeemer steel pigre, each chaser should hasa 
a lip angle of 15 to 20 degrees; for open hearth, at least 25 degrees. By grinding a iligfhtly 
curved lip of this angle, an easy cutting action is given to the chaser, similar to that of a prop- 
erly ground lathe tool, and the effect of pushing the metal off instead of cutting it is avoided. 
If there be a square comer or shoulder at the top of the lip, this should be removed, as it forma 
a place where chips may lodge and pile up, resulting in tom threads and unneosssary fricthm 
and often la condemnation of the thread by the inspector in charge. Cleaia n oe Is the tpaoi 
between the pipe threads and the teeth of the chaser* 
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Pigs. 5.513 and 5.514. — ^Home made and commercial fonna of hickey. The home made hkfciBy 
oonaists of a iiieoe of one inch steam pipe about three feet long with a one inch caet indn tee 
screwed onto one end of the pipe. 



This requirement precludes even 
the use of loi^ sweep fittings. The 
reason for this is because the Code 
requires the conduit to be inetailed 
ae a complete eyetem without 
the wires* Accordingly, too much 
force would be requir^ to pull the 
wires around bends sharper than 
specified which might injure the wire 
insulation. Moreover, if an ordinary 
pipe fitting were used instead of a 
CG^uit fittii^, there would be diSi- 
culty in jfhhini, because the end of 
the fish wire would catch against the 
shoulder presented by tl^ end of the 
conduit at the screwed joint as in 
5.511 . This is avoid^ by bend* 
ing the conduit as in fig. 5,512. 

Various t3^pe8 of tools kno^ 
as conduit benders are used to 
bend conduit. They may be 
classified as 


Flo. 6,S15.-*Matliod of bendtiig conduit with a hickey. in bmntUng, tha conduit to ha bant 
iaplMd on the floor and the tee slipped over it. The wodcjnaii then plaosa one foot on the 
oooduitcloie to the tee. and puUa the handle of the bender toward him. Aa the hendhkg 
j go g m i m a, the worfaaanrtioqldtalm cam to cootinuaUy move the bender away ftombtoasalC 
to wavint oudeUng of the conduit. 





STATION, 

piect 



na.CiSlA — Methtd of be ni i fM lliiw conduit om the knee. Fie.S,517.— Method of beading conduit on a lack. 
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1. Hickeys; 

2. Radcs; 

3. Bending block and pins; 

4. Geared benders; 

5. Form benders; 

6. Roller benders; 

7. Inertia benders. 



Vto.5»BiS^McUiod of bending with bending block and pins. In bending, the pipe ie heated 
hk a em*U epot at a time on the faiaide of the bend, ae ehown by the thaded portion at E. 
If the heat eatend around the outside of the pipe, this shouki be chilled with water imme- 
diately before bending, the object being to keep the outside cold to prevent flattening the 
pipe while the preasure of the bending causes the inside to upset and so furnishes the shorter 
radUis for the inside. Only a very small portion of the pipe can be heated at a time and 
shoiikl the pressure cause the inside to start to kink at any point, that place must be imme- 
diately chilled srith water, and the bending continued further along. On account of the 
conatant shifting of the heat on a very amall portion at a time, the use of an oil torch §ot 
heating lag great advantage, as it saves carrying the pipe to and from a forge, but the latter 
can be need if imoesiary. 


A kiekey is a form of hand bender consisting of a long lever having at 
one a slot at right angles, which fits over and grips the oondnit when 
pressure is brought on the lever or handle to bend the conduit. Fig. 5,513 
shows a home made lucke^r constructed out of a length of pipe and a tesu 
A conunerctal form of hickey is shown in fig. 5,514. The method of tidng 
a fakkey is illustrated in fig. 5,515. 

A rack is any kind of a built up contrivance which provides two rigid 
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pomta for ^igaging the conduit so that it will be held as in a vise, when 
pressure is apidied to the conduit in bending. Fig. 5,517 shows one form 
of rack. In u^ng this device the movable arm piece M, may be adjusted 
with respect to S« most suitable to the size conduit and radius of die re- 
quired b^d. 

Bending with a bending block and pins is a simple method but requires 
a careful workman to get a smooth job, and though adaptable to the 
largest sizes of pipe, may require a tedious amount of work. Two pins are 
required for the necessary leverage to pull the pipe around. The plate 
is desirable for keeping the bend in a true plane, and to form a rigid sup* 
port or anchorage for the pins. In the former method are substituted 




Pigs. 5,519 to 5.521. — Correct method of making a quarter bend with a htckey. The pipe 
ahoold be marked at the place wheie the bend is to be made, grasp pipe with hsckey and 
raise pipe from floor a few inches, shift hickey and bend conduit a tittle more; keep shifting 
lUclKy until the proper bend is made. To mako on oitnet: Stand hickey on fUmr in an 
upright position with the bending part up, insert pipe into opening and pull down on the 
pipe, using the length of the pipe as a leverage, having made the bend as far as desired, turn 
the bend up and repeat as above. 
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parts M and S for the pins. This method of bending is shown in fig. 5,517. 

Where a very heavy pressure is required as in bending large size con* 
duit, some method of multiplying the force exerted by hand is necessary 



Pto. 5,524— Method of bending with a roller bender. It eonmUU ot a circular torn A, wtth 
pulley C, radially maged at B. Owing to tbe cooaiderable eflfort req[airad tc btoad 
pipe, the part A, muat be vary aecurely factened to aome rigid aupport. In h^ndin^B tha 
lever is brougiit over to the projection C, and pipe placed in poaition. Then tha lever ia 
forced around in tha «tirection from C, toward the atnUght pipe thua bending the pipe to 
oonform with the banding form. The pipe, of oontie, muit first be fiOad irlth Bind and 
capped to prevent bucfcUhg, and alio heated If the beading radhie be einaU enough toretpilte 
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as by utilmng a jack or diGferential chain gear. This method is shown in 
fig. 5,522 and of course there are many ways of rigging up the necessary 
supports for the conduit and jack. 

A more refined method of bending is with a form bender in which the 




Fk»i. 5,525 and 5,526. — Methods of bending Jarga conduits. Theconduit is placed under the 
block A and over the bkxk B, and then bent by a downward ixessure exerted at C, the con- 
duit in the meantime being gradually advanced in the direction C, to give a curve of the 
required radius. The method shown in fig. 5,526, may be used wherever a ring A, can be 
attached to a beam or girder by means of clampa or oth^ise to serve as a support. 



Fsos. 5,527 to 6,629.— Methods of bending large conduits. Fig. 5,527, by heating. Lasfe 
conduit such as siaes nbove 3 inches may be bent if they be firat filled with d^ sand to prevent 
kinking and heated until cheny red over a coal fire, then bending as shown. In fig* 5 
the conduit is ineerted into a ring eecured to the floor and bent over a bone by pidfing down 
on the end. Another method, as shown in fig. 5,529, ooneiets of inserting the conduit in the 
V of a tree and bending by attaching bloek and tackle, worked by team of honsi, or prefer- 
ebly by n differential tacUe as ehown. 
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oondult is form shaped to the right curve by the curve of the tM^nder* 
The latter is shown in iig. 5,523 together with the method of banding. 

In the roller bender, the force applied to a lever is transmitted to the 
conduit by a roller, whidi rolls the conduit to the required bend as shown 
in fig. 5,524. 

A unique method of bending utilizes the force due to inertia of the pipe 
as it is struck against some hard surfoce. This method is illustrate in 
figs. 5,530 and 5,531. 


Conduit Fittings. — ^By definition a condiiit fitting is a box- 
like device provided with projections which have jmiale pipe 



Figs. 5.590and 5,531.— 'Inertia or anvil method of bending. In fig. 5,530 a coupling and short 
length of pipe are temporarily fitted on the end of the pipe, as shown at F. A short heat is 
taken close to the coupling at G, the pipe laid over the horn of an anvil, and wiUi a swage 
and fledge the bend is started, turning the pipe over on its side if necessary to woik out any 
Idrks or flattening that may occur wti^ this first bend is being made. The added section il 
pipe is then removed and a quite different method continues the work, as shown in flg. 
5,531. The clamped band handle H, is now bolted on some distance back from the 
and the pipe itself is suspended by a block and sling, to that it may be easily raised 
towered as necessary, and must be hung from a support far enough aboW it so that It may he 
swung pendulum fashion through a swin? of three or four feel. A heavy wood Uock I, for 
a **butUng post" is leaned up against a convenient anvil or wall, ak shown. A short beat is 
then taken on the pipe just beyond and adioitting the portion that was first bent. ItlsUiM 
swung like a ram against the block, and the force of the blow acting on the tangent of tfen 
first bend cauees a continuation of the bending In this next section, while sufikient apsstUni 
«f the material takes place at the siime tinw so that them is no fiattenlng down of the mttiida, 
end the pipe bolds up to its full form. This same procedure is eonthmed for one eeotioii 

foOowIng another, and the pipe rolls up into form as shown at J. where in thii eaee the elusM 

portion K, indicates the place where the bending is taking place. 
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Pio. 6»S32.*-~Coiiduit elbow with cover removed from opening. This makes the opemticRi o| 
pmUint the wires through the conduit very easy and avoids chance of injuring the 
if they were pulled around a sharp turn. 



ffro. Conduit elbow with two who portelain cover ahowing dicuit outlet pcov|da4 by 
tint type cover. 
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threads to which the conduit is screwed direct. They are sinular 
to pipe fittings but modified to suit the conditum icx which 
they are intended. 



jPiG. 5.534 —Conduit' elbow with two wire porcelain cover ahowing method of attachific with 
•crewa. 



Figs. 5*^5 to 5*538.— Variooi covers with wire holei for conduit fitting* one to four hofoi. 
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Pzds. 5,541 and 5,542. — Rraptacle and cover ahowing method nf coniiectiiif wket to baaa 
Ybe fitting tiiown to an cmkt toupling. 
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A conduit fitting differs from an ordinary pipe fitting prin* 
cipally in that it has an opening with a removable cover. 

The object of thus giving access to the interior is to permit pulling the 
wires as shown in fig. 5,532. A conduit fitting thus serves to join two 
lengths of conduit, and also as a pull box. Moreover, its utility is in* 
creased by the various forms of cover made to fit over the opening. For 
instance the type cover shown in fig. 5.533 provides an outlet for a branch 
circuit. Fig. 5,534 shows how the various covers are fastened by screws 
Covers of this type are available with various numbers of holes: single 
hole covers are suitable for drop cord purposes. 



Figs. 5,557 to 5,559. — Crouse-HindB, Obround pattern conduit biting showing cover 
method of fastening. The fitting shown is properly described by calling it an autUt ^^upHng, 
The sectional view shows clearly the method of fastening the cover without resorting to 
internal lugs. 


Another form of cover known as a receptacle cover provides 
connection for a light bulb. Figs. 5,541 and 5,542 ^ow the 
cover. 

To provide means for connecting fixtures along a conduit 
run, a type cover which may be called a fixture cover is used. 

These are snitaUe for fastening fixtures either of the rigid or chain type 
Figs. 5,539 to 5,544 cast iron and porcdain fixture coven. 
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nje elbow shown in fig. 5,532 is a 90* elbow. Th«re are numerous 
types of 90* elbow and elbows are also made 45®, Figs. 5,545 to 5,554, 
will give an idea of the great variety of conduit fittings available. 

An example of a T fitting, showii^ how a branch circuit is tapped, is 
illustrated in figs. 5,555 and 5,556. 


TASLE 1. TWO-WIRE AND THREEAVIRE- SYSTEMS. 
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STANDARD SIZES OF CONDUIT 
For tho Installation of Wire and Cable 

Mo»mam ^pacify Maximum Capacity Maximum Capacity 

SiopleWire Two Wires Three Wires 
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TABLE 2. THREE-CONDUCTOR CONVERTIBLE SYSTEM 


8ise of Wires 

Slxa Conduit 
IlMiricftI TrsSi.SiM 

»Tr® 

M 

14 

18 

10 

D 

and one 

ft. 

10 

8 


ft* 

•ft 

« 

4 

1 

ftft 

•ft 

6 

•ft 

8 


•ft 

ft* 

8 

ftft 

1 


•ft 

•ft 

4 

ft* 

0 

IH* 

•ft 

ft* 

S 

•ft 

00 

•ft 

•ft 

8 

•ft 

000 

SH 

ftft 

ftft 

t 

•ft 

0000 

8 

•ft 

•ft 

0 

ft* 

850000 

8 

•ft 

ftft 

00 

•ft 

850000 

8H 

•ft 

•ft 

000 

•ft 

400000 

8)8 

•• 

ftft 

oooo 

•ft 

650000 

S 

ftft 

ft* 

850000 

ftft 

600000 

8 

ftft 

ftft 

800000 

•ft 

800000 

8 

•ft 

•ft 

400000 

•ft 

1000000 

8H 

•ft 

ftft 

600000 

*• 

1860000 

1 4 

ft. 

•V 

OOOOOO 

•ft 

1600000 

1 4 

M 

•ft 

700000 

•ft 

1.60000 

4H 

•• 

*• 

800000 

•ft 

8000000 


•ft 
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TABLE S— NUMBER OF CONDUCTORS IN 
CONDUIT OR TUBING 

Lead-Covered Tyi^es RL and RHL — ^600 V. 


Nttmb«r of CoxMlueton in One Conduit or Tubins 


Site 

AWG 

MCM 

Sitt^e-Conductor 

Cable 

2>Conductor 

'Cable 

3*Conductor 

Cable 


1 

2 

3 

4 

1 

2 

3 

h 

1 

2 

3 

4 

14 

H 


h 

1 


1 

1 

1 1*4 

•4 

I '4 

IH 

IH 

12 


f'4 

h 

1 

■)i 

1 

1*4 

1*4 

1 

1‘4 

IH 

2 

10 

>4 

h 

1 

1 


IH 

1)4 

1)4 

1 

IH 

2 

2 

8 


1 


IH 

1 

IH 

1)4 

2 

1 

2 


2H 

a 

h 

IH 

IH 

IH 

VA 

"04 

2 

2*4 

1*4 

2H 

3 

3 

4 

}4 

IH 

1J4 

IH 

lA 

2 

2)4 

24 


3 

3 

3H 

3 


IH 

Ih 

2 

IH 

2 

2)4 

3 

1)4 

3 

3 

3H 

2 

1 

IH 


2 

IH 

2 

2)^ 

3 

1‘4 

3 

3)4 

4 

1 

1 

IH 

2 

2 

1)4 

2)4 

3 

3)4 

2 

3H 

4 

4H 

0 

1 

2 

2 

2)4 

2 

2)4 

3 

3)4 

2 

4 

4)4 

5 

00 

1 

2 

2 

2)4 

2 

3 

3)4 

4 

2V4 

4 

4H 

6 

000 

lU 

2 

2J4 

2)4 

2 

3 

3)4 

4 

24 

4H 

4H 

G 

0000 


2H 

2H 

3 

2)4 

3 

3)ii 

4)4 

3 

6 

G 

0 

260 

1 

2V4 

3 

3 





3 

0 

ti 


300 

l>4 


3 

3)4 





3)4 

6 

6 


360 


3 

3 

3)4 





3)4 

u 

6 


400 

IH 

3 

3 

3)4 





3)4 

(i 

G 


500 

IH 

3 

3H 

4 





4 

(> 



000 

2 

3M 

4 

4)4 









700 

2' 

4 

4 

6 









750 

2 

4 

4 

5 









800 

> 2 

4 

4)4 

5 









000 

2 H 

4 

48 

6 


1 . - . . 







1000 

2i4 

4)4 

4)4 

6 









1260 

3 

5 


G 









1600 

3 

6 

6 

0 






. . . 



1760 

3 

6 

6 










2000 

3H 

6 

0 










Tbe ebove eiMi apply to ciraight rune or with nominal cBantn 
•quivaleat to not more than two quarter-bonda. 
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TEST QUESTIONS 

1 . Is there any difference between rigid conduit and or^- 

dinary wrought pipe? 

2. What are the requirements for good rigid conduit? 

3. What knowledge must the electrician possess to install 

rigid conduit? 

4. What operations are included under the term "pipe 

fitting"? 

5. How should conduit be cut? 

6. If a pipe cutter be used, what precaution should be 

taken? 

7. Describe the cutting of threads on conduit. 

8. Give various methods for the calculation of offsets. 

9. What are the natural trigonometrical functions and 

how are they used in the calculation of offsets? 

10. In making turns in a conduit line, are such fittings 

as elbows used? 

1 1 . What is the minimum radius allowed by the Code? 

12. Mention the various methods used in bending conduit. 

13. What is a hickey? 

14. Describe methods of bending corxduit with a form 

bender and with a roller bender. 

15. What is a conduit fitting? 

16. How does a conduit fitting differ from an ordinary 

pipe fitting? 

17. What is the object of giving access to the interior of a 

conduit fitting? 

18. What are the various forms of covers used on conduit 

fittings? 
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19 . Dexribe a receptacle cover. 

20 . How are wires connected to the base of a receptacle 

cover? 

21 . Describe in detail an outlet coupling. 

22 . Describe the method of tapping a branch circuit with 

conduit T 

23 . What is the difference between a male nipple and a 

female nipple? 
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CHAPTER 111 

Marine Wiring Practice 

The regulaticms for electrical installation on nierchant vesseb 
are luromulgated by the Maritime Commission, Department of 
Commerce, Bureau of Marine Inspection and Navigation, Federal 
Communications Commission and the American Bureau cf 
Skipping, and are designed in accordance with the Marine 
Standard of the American Institute of Electrical Engineers, the 
practices on which this chapter is based. It is recommended, 
therefore, that reference always be made to their latest sped- 
ficatimis and requirements. 

The Bureau of Marine Inspection and Navigation has divided 
vessels into the following groups: 

Group No, 1 

Ocean-going vessels which navigate on any ocean or the Gulf of Mexico 
more than 20 miles off-shore. 

Group No, 2 

Ocean-going vessels which navigate on any ocean or the Gulf of Mexico^ 
but less than 20 miles off-shore. 

Group No, J 

Vessels navigating Great Lakes only. 

Group No, 4 

Vessels navigating bays, sounds and lakes other than the Great Lakes* 

Group No, 5 

Vessels navigating rivers only. 



3,320 


Marine Wiring Practice 


Plans. — Every vessel should be provided with plans giving 
complete and detailed information as to circuits, wire sizes, 
loads, etc., for the light, power and interior communication 
systems. A symbol list giving the manufacturer’s name, size, 
type, rating, catalog number or similar identification fcnr all the 
equipment on the vessel should also be provided fcsr tne vessel’s 
operating personnel. 

Type of Current Used. — Distribution of electrical energy 
may be made either by direct or alternating current, but in 
present practice for electric auxiliaries direct current is usually 
employed. On this account, the main body of these recom- 
mendations covering auxiliaries relates to direct current 
installations. 

Nature of Supply Source. — ^The following systems of dis- 
tribution are recognized as standard: 

1 . Two wire with direct or single phase alternating current. 

2. Three wire with direct current or single phase alternat- 

ing current. 

3. Three phase three wire, alternating current. 

Standard Voltages. — The following voltages are recognized 
as standard; 


Dire^ MUmalmg 

Current Current 

LigUini 115 Volts 115 Vdto 

Pauer 115 and 230 115-220-440 

Generators 120 and 240 120-230-450 
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Standard Frequency. — h. frequency of 60 cycles per second 
is realized as a standard for all alternating-current li ghtin g 
and power systems. 

Selection of Voltage and IMstribation System — D.C.— Fm: 
vessels having little power apparatus, 120 volt generators are 
recommended with 115 volt light and power distriinition sys- 
tems. Where an appreciable amoimt of power apparatus is 
provided, 240 volt generators and 230 volt power distributirm 
83 rstem with 115 volt lighting distribution system should be 
selected. 




1 and 2.‘*-I>irect oirrent distribution systems. In the two-wiresystem the lamps ane oon* 
nected in parallel between the positive and the negative wires. The generator may be either 
shunt or compound wound. In fig. 2 the distribution is acoomplishi^ by means of a tfafee 
wire direct current generator (Dobcowolsky system). The third wire (some times mis- 
leadi^y called nauiral) is obtained as follows: To any ordinary generator designed to give a 
terminal voltage equal to that between the two m^n wires, are added two slip riw 
shown. From these slip rings two leads are brought out and omnected to armature pointi 
located 180 electrical degrees apart. Collectors from the slip rings are connected to the two 
snda of the balance coil wound on an iron core and the mkldle point of this coil ia finally 
oonnectadtotbethirdwire.lt should be observed that in a system of this kind, it is necessary 
to balance the loed between the two main wires and the wke leading from the balance coil 
as dossly as possible, and the amount of unbalance should not exceed the manufactnret's 
spedflcarion, usually of from 10% to 16% of the total current. 
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Seleetion of Voltage and Distribution System — A.C . — For 
small vessels having little power, three phase, 120 volt genera- 
tors ihay be used with the 115 volt lighting and power distribu- 
tion system. For vessels requiring considerable power appara- 
tus, three-phase, 230 volt generators are suggested with tiiree- 
phase 220 volt distribution for the power system and 115 vdt 
single phase two wire or 115/230 volt single phase three wire 



3 PHASE A.C. 
GENERATOR 



UGHTano light A kS TO MOTOR TO MOTOR 

POWER POWER 


Fioft. 3 and i.^Typical alternating current distribution tyttenm. When it is desired to utilise 115 
volts for light supply, balance coils are installed and connecteo as indicated. In a system 
of this kind, however, it is necessary that the lighting load be reasonatdy well imJsMnnitd 
among the phases. 


or 115 volt three phase three wire as obtained through trans- 
formers for distribution to the lighting system. Each of the 
three sing^ phases should have about the same load so that out' 
rents will be about equal in each phase wire at the pdnt Ufhere 
the three sing^ phase systems are jcaned into one three phase 
systmn. For very large vessels with a large amount of power, 
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the use of 450 volt three {diase generators mth 440 volts or 220 
voltB for power chstribution and 115 volts for the lighting 
system as described for the 230 volt gmierator system may be 
amsidered. 



ftqt. 5A to 5D.--€liowlnK viiioiit methods of loop-wiring. In order that aU lampi in a cinvit 
•iHdl bum with equal fariUlance at all times, it is necessary that the resistance of the ckcilit 
irow the supply sonroe to any lamp shall haee a eonrtant value, and be equal to the restrtaace 
through any other lamp. is tat aooompUshed in the hop $yahm in which the mains are 

main the form of a data hop, Withreferem to fige. SAand SB, a break indtherlegofthe 
dreuit will caum no break in the contimiity of the circuit and all lampi wfll bum. It wmdd 
require two breaks in any one leg to eatlaguiih a lamp. If the loop be oonnecfod aa diown 
In df. SC an analyaia nveala that if a break occur at «, in tha pciaitta nudnafithe Ughfo 
toward the right of the open would be eatinguiefaed. Siinllarty a break in the negative main 
a»k wOtaaatkigtttadlUidktaentheleltofthelmeture. 




3,324 


Marine Wiring Practice 


Balancer Sets. — ^Balancer sets are not recommended kt 
(Staining 120 volts from the 240 volt, two-vdre direct current 
generatcnrs. 

Rules Governins: Direct Current 
Equipment and Installations 

Installation and Location of Generator Sets. — Generating 
sets should be located in a well ventilated place as dry as pos- 
sible. They should not be installed in the immediate proximity 
to water and steam piping, etc., and should be protected from 
dripping water, oil, etc. 

Generating sets should always be installed with the shaft in 
the fore and aft position. There should be at least 18 inches 
between the set and surrounding objects to provide accessibil- 
ity, and sufficient room should be provided to permit removal of 
the armature. 

When diesel engine driven generating setsare located in deck houses, the 

enclosing structure should be steel or other apixoved fireproof material. 

Generating Sets for Ship’s Service — Number and Size. — In 
determining the capacities and number of generating sets to be 
provided for a vessel, careful consideration should be given to 
the normal and maximum demands as well as for the safe and 
efficient operation of the vessel when at sea and in pwt. The 
combined nmnal capacity of the operating generating sets 
should be at least equal to the maximum peak load, and in 
addition one spare unit should be provided. If the peak load and 
its duration be within the limits of the specified overload ciyrao- 
ity of the generating sets, it is not necessary to have the com- 
bined normal capacity equal to the maximum peak load. 
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Generating Sets — ^Emergency. — In addition to the foregoing, 
the Department of Commerce Bwreau of Marine Inspection and 
Nangaiion requires the installation of a diesel engine driven 
generating set and (or) storage batteries located above the bulk- 
head deck for operating the emergency lighting and povner 
systems. 

Gasoline and semi-diesel engines are not recommended for 
the operation of emergency generators. 


Generator Windings. — In the case of installations where the 
toad does not fluctuate appreciably, shunt-wound generators 
Without voltage regulators or the special type compound-wound 
generatcws may be used in lieu of compound-wound generators. 



In the case of installations where the load is apt to fluctuate 
appreciably, shunt-wound generators with voltage regulators^ or 
compound-wound generators should be used in the interest of 
substantially omstant voltage. 

Uiilew Othervte specified. aU three-wiie direct current geneiaton iboald 
be designed for 25% unbalanced current. 
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In order to promote uniformity of practice for two-wire oon^pound- 
wound generators, it is recommended that the aeries field terminal be 
native. 



(short Shunt) 

Fios. 8 and 9. — Connection of a compound wound genentor with icheinatic circuit diagram . 


Voltage Regulation and Compounding. — When the lighting 
load is not supplied by the main generator^ the main generator 
should be shunt-wound and should have an inherent voltage 
regulation as follows: 

Shunt-wound g^erating sets of 150 k,w. and above should be designed 
as to Bpeed regulation and governing of the prime mover and inherent legu- 
lation of the generator so that at fidi-load operating temperature there wfSi 
be a rise in voltage of not over 8 % when the load is gradually reduced finom 
100% load to 20% load, and so that there will be a drop in voltage of not 
more than 12% when the load is gradually increased from 20% load to 
100% load, based on 3.5 per cent speed regulation (drop in speed horn no 
load to full load) of the prime mover. For eadi condition the held rheostat 
should be set lor normal rated voltage at the beginning of each test. 

Compound-wound generators should be designed as to governing of 
prime mover^ compounding and regulation of the gen^nator, so that with 
tto generator at fi^-load operating temperature, aM startmg at 20% load 
with voltage within 1% of rated voltage, it should give at full load a voltage 
within 1 H % of rated voltage . Ihe average of the ascending and d e s c endi n g 
voltage regi^tion curves between 20% load and full load should not vary 


VOLTS 
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iiic»« than 3% from rdted vohsige. except for diesd engine driven genetators, 
in which case it should not vary more than 4%. 

The volts^ r^:ulatxon of a three-wire generator should be such Uiat 
when operating at rated current on the heavier loaded side (i.e., positive or 
negative lead) with rated voltage between the positive and negative leads 
and a curzent of 25% of the generator current rating in the neutral wire, 
the resulting difference in voltage between the positive and neutral leads 
and negative and neutral leads should not exceed 2% of the rated voltage 
between the positive and negative leads. 



Ptm. 10 and 11.— Voltage drop characteriaiict of a compound and ehunt-wound generator 
respectively. The compound generator may be designed to produce an almost constant 
voltage or even a rise in voltage as the load increases by placing on the field poles a few turna 
which may be connected in series with either the load or the armature. When the series 
ampere-turns on the field coils are adjusted so that the terminal voltage of the generator 
is greater at full load than at no-load the machine is said to be ovar-campounM. When the 
ooUa are adjusted to cause the generator to deliver the same terminal voltage at both fuB 
and no-load the machine is flai-compaunded. When the adjustment is such that it causes ths 
generator to deliver less voltage at fulMoad than at no-load the machine is undaT'-wmpmtndad, 
See curves a. b, and c, fig. 10. respectively. 


In the foregoing, the speed regulation curve of the prime mover should 
not vary more than 1% from a straight line drawn between the speeds at 
20% load and 1CX)% load. 

The voltage reflation and a>mi^unding tests ^ould be made at the 
works of the electrical manufacturer in accordance with his standard testing 
pntcice, using an approximately straight line speed regulation from 20% 
to 100% in amount as specified by the prime mover builder. 
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ParaHel Operation. — Successful parallel operaticm is attained 
if the load on any generator does not differ more than plus or 
minus 15% of its rated kilowatt load from its proportionate 



Tm. 12.— CSonnectioii diagram of two 120/240 volt three-wire oompound-womid d.c. fen* 
eratora. The generatora are arranged for pivallel operation and require therefore a act of 
eciualiaer buses. With reference to diagram each generator has leading from the fanieliee a 
oommuuting and a series held on each leg of the circuit. Between these two fields on eadi 
leg is an equaliser connection. Since each generator has a positive, negative and neutral lead* 
in addition to a positive and a negative equaliser* the total number of outgoing in^ con- 
nectors are five in number. Each of these leads is connected through air drcuit breaker 
and switches to their respective buses usually located in the rear of the generator panels* 
To prevent motoring of either unit one pole of each circuit breaker is equipi^ with a revene 
current relay* in addition to the over-foad trip feature. One voltmeter is provided with each 
generator* and pennita the operator by means of the voltmeter switch to read the voltags 
between the po^tive and negative and also voltage positive and negative to neiitaal* By 
one ammeter in each outgoing leg It is possible to note the amount of unhalaaos In 
current at all times by a simple subtraction of readings* 
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disue, based on the generatcn: ratings, of the combined load, for 
any diange in the combined load between 20% and 100% of 
the sum of the rated loads of all the generators. For this test 
the speed of the generators shall be constant or slightly decreas- 
ing, with the change in speed approximately in-oportional to the 
load. For compound-wound machines, series field equaliser con- 
nections are required, which, between any two machines, shall 
not have more than 20% of the resistance of the -series field 
with resistors, if any, of the smaller machine. 

Prime Movers. — Generating sets may be driven by steam 
engines either of the turbine or reciprocating type, or by dieset 
engines. Each prime mover should be fitted with an efficient 
speed regulating governor as well as an automatic overspeed 
trip. The automatic overspeed trip should function to shut 
down the unit automatically when the speed exceeds the de- 
signed maximum service speed by more than 15%. Each prime 
movo: should, in addition, be under the control of an efficient 
operating governor capable of limiting the speed, when full load 
is suddenly removed, to at least 5% less than that of the over- 
q)eed trip setting. The overspeed trip should also be equipped 
with a means for manual tripping. Where a turbine prime mover 
is also fitted to utilize auxiliary exhaust, it should be provided 
with a properly arrang^ automatic shutoff, and where i»t>- 
vision is made for extracticm of steam, positive means should be 
provided for preventing a reversal of flow to the turbine. 

All sets of 100 k.w. capacity and above should be provided 
with a coupling fitted to the armature shaft. 

Monntings. — ^The generator and its driving unit should be 
nxnmted on a common support to insure proper alignment. Care 
should be exmrdsed to secure a rigid foundation. Where a bed- 
(date is used, each unit comprising the set riuMiM be provided 
with ampte supporting feet secured to the bedfdate. 



3.330 


Marine Wiring Practit^ 


AeeeMibility.— The design of generating sets should pcovkie 
for accessibility to all parts requiring inspection during opera- 
tion or dis-assembling for repairs. 

buiihtion of Windings.— All assembled armatures and also 
the armature coils for qpen slot construction shoidd be im- 
mersed in insulating varnish and baked. All field coils should be 
treated with varnish or other insulating compound while being 
wound, or impregnated by the vacuum and pressure method 
Hie fintehed winding should be water and oil resistant. 



FM. ld.--*Sectiofial view of a typical ■elfK>ilmg bearing . Ai thown the pedeetat or hearimi 
•tandard ia ctxred out to form a reservoir for the oil. The ringa are in toUhlg contact with the 
abaft, and dip at their lower part into the oil. In opernthn, oil ia brought up 1^ the ffngi 
Wbkh revolve became of the frictional contacta with the ahaft. The oil ia in thto way fanotpilil 
up to the top of the bearing and distributed along the ahaft gradually deacending by grai^ 
to the feaervoir, being thua uaed over and over. A drain code is provided in the baae th thi. 
the oil may be periodically removed from the reaervoir and attained to remove die JKceitew** 
tatlon of foreign matter, ttiiaabould be freriuently done to minimiae the wear of the hearing. 
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Labri^tion. — All generating sets should be located with 
their shafts in a fore and aft direction m the vessel and they 
should lubricate and operate satisfact(»ily when permanently 
inclined to an angle of 15° athwartship and 5° fore and aft, and 
arranged so that they will not spill oil under a vessel roll of 30° 
each side of the vertical. Turbine driven generating sets depend 
ing on forced lubrication should be arranged to shut down 
automatically on loss of oil pressure. 

Corrosion-Resistant Parts. — ^To prevent deterioration and 
corrosion of interior bolts, nuts, pins, screws, terminals, brush- 
holder studs, springs, etc., and such other small parts as would 
be seriously damaged and rendered ineffective by corrosion, 
these should be made of corrosion-resistant material or steel 
suitably protected against corrosion. Steel springs should be 
treated to resist moisture in such a manner as not to impair 
their spring quality. 


Terminal Arrangements. — 

(1) Generators 50 k.w. and above 

(a) Side location 

Generators should be provided with an insulating terminal board having 
secured terminals to which the lugs of the incoming cables can be readily 
fa;^eiied . The terminal board should be enclosed in a drip-proof terminal box 
so constructed that the incoming cables can be led individually through an 
insulating cover screwed or bolted to the bottom or through a metal strip 
at least H in. thick. If the cables enter through the bottom, ordinary clears 
ance holes are recommended. If the cables enter through the top, individual 
tennbal tubes should be used. 

(b) Top location 

Generators ^uld be provided with an insulating terminal board as 
rixxMnmended in (a) enclo^ in a drip-proof box havii^ top and side sec* 
at least K in. thickness through which the individual cables can be 
entafed througli terminal tubes. 



3,332 


Marine Wiring Practice 


(c) Bottom location 

Generators should be provided with strap terminals, secured to an insuo 
latins block, to which the connections (or straps) of the incoming cables can 
be fastened. The terminal board should be suitably protected. 

(2) Generators below 50 k.w. 

Generators should be provided with a side located, drip-proof conduit bo2 
with removable cover plate. The generator cables should be secured inside 
the conduit box. The arrangement should be such as to permit ready con* 
nection of the incoming cables. 

Storage Batteries 

Instattation and Location. — Storage batteries of either the 
iead-acid or nickel-alkaline type should be installed in a 'well 
ventilated room, but if no room be a'vailable, they may be 
installed in special deck boxes. The battery room should be 
large enough to provide adequate access for inspecting, testing 
and watering the battery. 

For a lead-acid battery, the exposed metal in the battery 
room, including the battery and its connections, should be 
printed with corrosion-resistant paint. The floor of the battery 
room should be lined with 8 pound sheet lead, carried about 6 
inches up the sides of the room and secured thereto or the bat- 
teries should be installed in lead-lined shelves with the lead car- 
ried up not less than 3 inches at the front, back and end of 
shelves. All joints in the lead lining should be lead burned wat^. 
tight. A two indi space should be provided in back of the bat. 
tery ^lelves to prevent pocketing of gases. 

For a nickel-alkaline battery, the exposed metal in the bat- 
tery room should be painted with corrosion.resistant paint. 
Wl^ the declra are made of ferrous metal , a steel pan should be 
provided with side walls 6 inches high and made liquid tight. 
Battery trays can be arranged in tiers, but each tier should be 
fitted with a pan to take the battery tray. 
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Where the decks are made of wood or non-ferrous metal, a 
steel pan of satisfactmy thickness with side walls 6 inches hi^ 
and made liquid tight should be provided. Where the battery 
rack is located in close proximity to a wooden or non-ferrous 
bulkhead, the size of the steel pan should be carried up the bulk- 
head to a point at least inches above the filler caps of the 
battery. 



SERIES 



- I SERIES-PARALLEL " 

PARALLEL 


14 to 16. — ^Three principal methods of connecting batteries. For beet testilu it is necessary 
that all inter-connected batteries be of an equivalent type, that is, their terminal voltage 
and internal resistance be equal. 

The ventilating system for battery rooms should be carefully aitax^ed to 
prevent the accumulation of podcets of inflamnable gases. If the battery 
room be located in a deck house, natural ventilation may be used with 
adequate openings overhead, and near the deck. If the battery room be 
bebw deck, a motor driven eidiaust fan, capable of changing the air every 
two minuteSs should be provided for use wh^ charging the battery. The Csn 
should draw from top of room and openings lor air inlet should be provided 
near the base of the room . Hie interior of the fan and ducts, if used, should 
be painted with oorroakav^realaant paint. 
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If Intteries are installed in enc^e rooms and machinery nmoas^ llie 
ventilating systems of these spaces should be of a capacity to prop^Iy 
carry aU gam during the chruging period and prevent the accumulate 
of podkets of inJUmmabk gases. When kad^aeid batteries are installed in 
special deck boxes* they should be lined with 4 pound sheet lead to a beii^ 
of lOinches. Ventilation should be provided by means of an inlet and outlet* 
The inlet should be turned down and the outlet should extend at least 4 
feet abov3 the battery box; both should be suitably protected against fspaLj 
and painted with corrosion-resistant paint. 
















t7.*^6«ctioiial irlew of Bsids bsttenr afaoMi _ . The actb* mterisl b lead 

peroxide on the pteUha plete and finely divided oi eponse lead on the mgsUn pbde. The 
filateeafeinmmed in a lolutionof euli^iiinc acid and water called electrolyte. On diedwae 
of the hattety* both theie active meteriide are qttaniiutii^ converted into lead sohdaite at 
the expense o! the add radical of the electrolyte and the formation of water. P re c ba l y the 
reverm action telM place upon the charae of the battery. 

When nkM^ialitu batteries are faiataUed in qjedal dedc b(»ee,,tSMi 
bm ahould be Uned with riieet ateel of aatiatactory tfaklowaa to a BHudnliia 
height of 10 inefaea. The floor cf the deck bex ahan be coveted with riiaemefe 
wo^ atripa of at leaat H in. ihidowaa. In addition, the faatteiy riiaO 
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«eciirdy btodced in {dace by means of wooden atr^ of in. x in. cross 
section pennaneittly attadied to the inner tides of the txa and ptaned at 
least IH in. apart in such a way that ail trays are htid at teast H in. from 
the inner lining. A reasonaUe amount of ventOatiun tixHiid be provided by 
locaitiag holes as high as possible on opposite sides or ends. Openings on «ie. 
tide or end are not enou^ to insure positive ventilation. All wooden lining 
bases and exposed steel surfaces sho^ beoovered with ooriotion-resiBtant 



iar-.«sciHeiial vinr ofBdtHOMdHl-Itoa ABulim Iwnnv. Tte #Mao«ar alAti 
sMSitiSOf a iMmbw of iierfotBtad (tad tubas hesvilr nkkd lAitad and filled sritb aMeoiMt 
livail.«d.idehd and hydiwdda and pun mtalllc aickat in thin fiafcaa. Tha nqgaMwnr boa 

tins tnaaistt of a grid of Bidkal jIbM eoU tUllad stoel tbat bdds a wiatber of naaagalur 
doeigtta Mod with powdand ben aside. 
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When radio, emergency radio and mUo-cdarm batteries of the kad^^aeid 
type are installed in boxes, the boxes should be lined with 4 pound sheet lead 
to a height of 3 inches. 

When radio, emergency radio and auto-alarm batteries of the nkhelndko^ 
line type are installed in boxes , the interior of the boxes should be fitted with 
steel pans having a height of 4 inches. 

The location of the battery should be carefully considered at the time of 
mstallation, and should be such as to protect the battery from damage in 
case of accident, so far as this is po^ble. Batteries us^ for emergency 
lighting or to operate radio equipment sets, should be located as high as 
possible, and never below the bullhead deck level. In selecting the loca^n, 
exposure to extreme heat or cold, vibration, steam or salt water should 
avoided. 

Storage batteries of either the lead-acid or nickel-alkaline type should not 
be installed in sleqnng quarters. 

Capacity. — When only a storage battery is required for the 
operation of the emergency lifting and power system, the 
capacity of the battery should be sulfident to operate the 
system for at least 12 hours. For passenger vessels wh^ storage 
tatteries are required for the operation of the emergency light- 
ing and power system in conjunction with the diesel emergency 
generating 8et(s), the capacity of the battery should be suffi- 
cient to operate the portions of the emergency lighting and 
power system for at least hours. 

The eapaeity of the merg/mey lighting and ptwtr storage batt^ dxntld 
be such that when connected to the line for the purpoae of supplying power, 
the initial voltage should not occeed the nonnal rated generator voltage by 
' more than 5% and the final battery voltage at the end of full-rate discharge, 
shotdd not be more than 12}^ per cent bekm the nonnal rated generator 
vbhage . The initial capacity of a lead plate type battery diould be baaed on 
a spec^ gravity ot electrolyte when ^y charged between 1.210 and 1.220 
at a tenqierature of 25^7. 

The eapaeity of a battery that is normally floated on the power bus, so 
as to take care of load pedes, dxmld be determined for each particolar 
instillation. The g/tneraUns whkh must operate in parallel with the battery 
should have voltage characteristics suitable far the type and capacity of die 
battery, to insure stable opeiatioo. Automatic volta^ regulatora should be 
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provided to protect the distribution circuits which will not function properly 
if operated above their designed voltage. 

The capacity of batteries when provided as the only power supply for 
signalling, communication or alarm systems, should be sufficient to operate 
the equipment connected thereto under normal conditions for at least one 
week without charge. It is recommended that a standby battery be provided 
for such systems to permit operation from alternate sets. 

It is recognized, however, that in special cases there may be some un« 
important equipment where a capacity sufficient to operate the equipment 
for 72 hours may be adequate, when a spare set is provided, and the ampere 
hour capacity is not less than sixty. 


0«*r Lo«J mi 
VoStg* 
DiKOIMMt 


Aufccm«tic C»KboA PiW 
Volu9* 



Flo. 19. — IIO-ISO volt bsttery-ffuierator diaiit. An eoooamical ansngement is obtsined by 
msansof adiaoontiect drcuit bKskcr so located in the control drcuit that itdividea the heavy 
motor loads from the emergency and lighting loads. Thb ckooit breaker aocompliahea two 
purposes: it relieves the generator of any overload condition and because of the doee fimita 
over which the voltage relay operates it provides the emergency and lia^tbig ckadts with a 
oontfaiuoua aouroe of current through instantaneous transfer of these ch^ts fkom generstoc 
to battery . This transfer is made upon loM of the generator voltage from overload or any other 
OBoae. The generator ia then foroed to carry the heavy moUM^loate whidi are obmirotied ab^ 
bf the di aco nn e ct drcuit hraahar. 
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Battaries for starttng marimdUul mgiim and other aenrte, du^ lom 
a fuUy duffged qieddc ^vity of not lees than 1.275 to IJZBS at 
Batta^ slM have auflsdent capacity lor the necessary breakaway ament 
voUa^, and to crank engine for not less than mhuites at a epeed 

eudidisnt to insure starting the aigire at the lowest teapcarature aatid' 
petal. 

Batteries used for starting duty only may be fiimiahed in thin positive 
plate construction (.100 to .150 thick); however, when auxiliary duties are 
to be performed from the battery, heavier positive plate construction sbail 
be considered (.150 to .250 thick). ^Starting batteries whidi 

will be continucAisly eimosed to tropical temperatures shall have a fuBy 
charged spedhc gravity of 1.210 to 1.220 at 25^*0. 

Batteries should develop at least 90% of their rated capacity within the 
forst three cycles after assembly. 

Aecearibility. — ^The battery should be arranged so that the 
trays are readily accessible for care, inspection and removal. 
Lifting eyes or equiinnent should be provided over all large 
batteries to facilitate removal. 

Tidtage.— The emergency lifting and power batteries should 
bupiriy a vdtage equal to that of the vessel's sui^ly. 

ChargiiMf Equipment. — Where the voltage of the battery is 
the same as ship's supidy, the battery may be split for the pur- 
pose of charging. The capacity of the charging equifnneiit 
diould allow the entire battery to be char^ at onoe. Emer- 
gency lifting and power batteries should be charged at their 
npra^ charging rate, and time for complete recharge should 
ix>t exceed 18 hours, based on the IH hour discharge rate. The 
battery and diarging equipment should be protected against 
ov^erioed and revmsal of curomt by means of eflScient circuit 
intemqjtmg devices. 

ilie diould induik u anmieter and voltnNtfn of 

nmgtt. Mconded vdwn dedred. with mdtdm to nad iSffennt drctdla. A 
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fintd Miriitor dioiild be provided for eedi bettery^ The diaifing drcuit of 
ttw battery dxwld indude an overload and underload, or overload and 
i ev er e e <uHent drout breaker. The use of an automatic dbaismg pand is 
recommended. 

Switdws and other dectrical fittings whidi ate liable to cause an arc are 
not to be located in the battery room. Ead) conductor is to be fitted erith a 
protective device which may be located in the battery room if H is ehdosed 
in an explosion-proof canng; otherwise a protective device is to be fitted in 
each conductor immediatdyoutnde the room. Fuses on the bsUtry ehargjati 
smUMoard, wiien in adjoining compartments, will meet this requireinent. 
Fuses may be used for the protection of emergency lighting storage batttt^ 
instead of circuit breakers, up to and including 6CX) ampoe rating. 

Where conductors otter the battery room, the boles are to be shbstan- 
dally and tightly bushed as requited for watertight bulkheads. 

All connections within acid battery rooms should be lead covered cables 
sealed tightly to resist the entrance of dectrdyte by qtray or aeqtage. 


Switchboards 

Iiurtallatioii and Locadtm. — Switchboards should be installed 
in the same conqiartment with generating sets, in a dry plaoe 
away from the vicinity of steam, water and ml i»pes. The 
switdiboards should' be so located as to be acoessitde from 
front, rear and one end. The space in rear of switchboard dxwld 
be ample to permit maintenance and should, in gmeral, benot 
less than 18 indies in the dear . Ample dearance diould be 9veii 
for current carryii^ parts to ground. Asbestos barriers diould he 
instdled above the secondary ccmtacts of air circuit breakers if 
less than 12 inches from ship’s structure. If the qiaoe in the 
rear of the switchboard is acoessiUe to unauthorised persontidi* 
the qfiaoe diould be completely eodosed with metal grill pro- 
vided with either diding or hini^ doors equipped with a loi^ 

Ah hiiulatliig grating ahould be provided on the deck in frqat and mwof 
switcUmunl, and grating should extend the eodte length »xl be «f miflident 
vdAh to provide adequate opendim «ace. A aon-conditctiiqf liMia9atai 
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hand rail should be provided in front of the switchboard. When cornmt 
carrying pans are located dose to the deck, a guard should be provided to 
prevent acddental contact with live parts. Wo^ should not be used in the 
construction or protection of switchboards except for hand rails. For bulk 
oil carriers and vessels carrying oil having a flash point of less than ISD^F., 
switchboards should not be looted in spaces where vapor or gas is liable to 
accumulate. 


Construction 

1. Panels. — These should be of iion-combustible, non> 
absorbent, insulating material, free from metallic veins, spots, 
etc., such as impregnated ebony asbestos lumber, or similar 
material. Impregnated material should be impregnated all the 
way through and prc^rly buffed and finished a dull black on all 
surfaces to prevent accumulation of dust and moisture. Each 
panel should have a bevel on Uk front edge. The thickness of 
panels should be not less than one inch and generally not over 
two inches, depending upon the equipment installed and the 
^ of the pand. Small panels are preferable. 


2. Fnmewwk.— The supporting framework diould canast 
of metal angle, channel or other shapes with a cross member or 
sill of liberal dimensions under the panels and rigid tie rods to 
the bulkhead or flexible ties to the deck above to alknv for 
deflection of the deck without injury to the switchboard. A 
continuous strip of H in. rubber should be used between ^ 
non-metal panels and the vatical supports and a double strip 
between the bottom of pands and the horizontal member under 
them. Any other members necessary to make a rigid construc- 
tion dxnild be provided. Where self-supporting switchboards 
with cmnplete box foaming ate used, the rods or braces to 
the .duo structure should not be required. 
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3. Dead Fr««t Switchboarda. — It is recognized that tins 
type of switchboard protects against acektent or shock, and the 
use of such switchboards is desirable in certain installations. 
Metal panels may be used, providing all current carrying parts 
are properly insulated. 

Equipment for Generate Switchboards. — The fcdlowing 
should be supi^ied for a two-wire system: 

Each generator of 25 k.u>. and above should be protected by 
an independent arm or trip-free-hom-handle circuit breaker 
with a separate pole for each power cable. These should be 
arranged to open at a predetermined overload and should be 
provided with a suitable overload time-limiting device. Geirera- 
tors of less than 25 k.w. may have fused knife switches or circuit 
breaker type switches. Compound-wound ordinary type gen* 
erat(»s arranged for parallel operations should be provided with 
equalizer switches and circuit breakers having overload and 
reverse current trip attachments. 

An unfused generator switch which will completely discon- 
nect the generator and the circuit txeakcr from the bus. 

An ammeter for each generator. 

A voltmeter with selector switch for one generator and at 
least two voltmeters and selector switches for two or more 
generators. 

A field liieostat for each generator. 

A pilot lamp for each generator connected permanently be- 
tween generator and circuit laeaker which, in event of the 
tripping of the circuit breaker, will provide light for restenation 
of service. 

For ungrounded systems, ground detector lan^ and volt- 
meter connection or equivalent. 
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For i^nerators of 500 k.w. rating and above, a »ng^|!de 
field switch with discharge dips and resistor and a watt'hoor 
meter are reounmended. 



Phi*. 20 and 21 .--Typiad wiring diigram and itwiLchl>nnrd arrangement for a Ihme^wire dififl 
oirreni gpnnatori, ft ia oiatimiary when uaing a supply system of this kind tor opetaUon ot 
ppwrr and light* to connect the moton between il,e tMitokle wi»s and the hghMt mfiinlKg 
distributed between the poiitive and neuttal and negative and neutral. 
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For a tkret-wm system the above recomniendations should be 
followed except: Circuit breaker and disconnectii^ switdiea 
should be arrani^d in (me of the following ways: (llie first ar- 
rangement is recommended.) 

1. A three pole circuit breaker and a five pole disconnect swi^ with one 
pole of the circuit breaker and disconnect switch in the neutral 1^. The 
machine side of one breaker pole is connected to the positive armature lead . 
The other side of this breaker pole is connected through a pole of the ^ 
connect switch to the positive equalizer bus and through h^f of the senes 
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Tam, 22 and 23.— Methods of meaniriiig voltage frooi two or noic ao u roe u oc power, la 
Sg. 22 the vottage to be meaNied ie tnnefenad to the aaeter by the ineertion of plug at 
•hown. In the amagement fig. 23 the voltages acrow the varioua miroet are meaenped 
by awaiie of 1 eelector switch, the operation of which ie aooompliahed by a rotative aeoveaieat* 
Ihui panUeling the meter with the eoune whoee voltage is to be detersnined. 


field and a pole of the disconnect switch to the positive bus. The madihir 
aide of the other breaker pole is oonnfcCted to tte negative armature lead. 
The other side of this breaker pole is connected thro^h a pole of the dis* 
ooimea switch to the negative equalizer and through the other half of the 
series field and a pole of the disconnect switch to the negative bus. This 
arrangemeit requires seven main leads from the generator to the switdi* 
board. Ammtir shmt$ should be located on the switchboards. 

2. A hve pote algebraic sum circuit breaker with a pole in eaxk armature 
lead, a p^ in each equalizer lead and a pole in the neutral lead; aiid a five 



3,344 


Marine Wiring Practice 


pole diioonnect switch with a pole in each lead. This arrangement requires 
three main and two equalizer leads from the generator to the switdiboanl. 
Ammeter shunts should carry the armature current which requires that the^r 
be located at the generator. 
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Puw. 24 md 2S.^Typical wiring diagnm uid twitchbowd amogementt for patnUel opentioii 
of two oonpouiid geneimtora. When two ovor-oonuxmnded fenemton an td be opmtod hi 
AunUel. it b neceenry lor a odblactory diviaioa of food*, to penllel their reepeoUvo eeiies 
SeM. Tl^ b aooompiiehed by oonnectingtbeh negadvee togetlMr and thb oofziinoo oooiiector 
b ueually referred to ae the aguMix^r, The foetruinenta and ewltchee ehown are coonectod 
in the iMial manner, whidi are ehnilar to thoee need for connection of ehunt generatora fa 
pamUel. the oidy addition being the eqtialiaer and oonnectione thereto. It ehomd. however* 
be noted, that the ammeter for each machine ahould be connected in the lead from the 
annatwe to the main btts. and not in the lead from the eerba field, becauee if the mnawMr 
he plaoed in the latter it win read the eerba field current which may beqnitedMibiotfooge 
the eucrenf eispolbd by the neaeretor to the load connected to the huM*. 
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3. Witt) dither of these two arrangements an overioad device may be 
used instead of a circuit breaker pole in the neutral lead, arranged to trip 
the circuit breaker. The circuit Ineaker should protect against a short cir- 
cuit on the equalizer bus. An ammeter should be provided for positive and 
negative leads for each generator. 


Groonding Tliree-Wire Dual Voltage Systems. — The neutral 
connection of three wire 230/115 volt direct current systems 
should be solidly grounded at the main switchboard with a 
center zero ammeter in the ground connection. The center zero 
ammeter should be equipped with a shunt, having a full scale 
reading of 150% of the neutral current rating of the largest 
generator and marked “plus” and “minus” to indicate the 
polarity of grounds. 

The emergency lighting and power system is to be arranged so that when 
operating from a dual voltage emergency generator or storage battery, the 
neutral will be grounded but the ground connection at the emergency gen- 
erator or storage battery should not be in parallel with the ground connection 
at the main generator. The ground connection should not prevent checking 
the insulation of the emergency generator to ground before the generator is 
connected to the bus. 

Equipment for Distribution Switchboards. — Fuses in excess 
of 200 ampere rating should not be used fen: any circuits except 
for emergency system batteries. Circuits not protected by fuses 
should have each ungrounded conductor protected by an over* 
load operated circuit breaker or circuit breaker type switch of 
the indepeiulent arm or trip-free type. The grounded neutral 
conductors of a three-wire feeder should be provided with a 
means for disconnecting and arranged so that the grounded 
omductor cannot be opened without simultaneously cfperdng 
. the ungrounded conductors. Overload protection is not necessary 
in the grounded neutral conductor. Circuit IxrOaker type 
switches should provide overload and short-circuit protection. 
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Feeder circuits of 200 amperes or leas inay be provided with nittlt^ lever 
type toed stritches with one pole for each conductor instead of cfacuit 
bcetdcers. exoq>t that for three-«ke 230/115 vdt fieedns, no fuse is to be 
provided in the neutral. AH fuses other than instrument fuses dxndd be 
mounted cm the hoot of the switchboard, except in the case of foont 
switdiboards. Arc searchlight circuits should te provided mth a douUe- 
pole independent arm or a /n>-/rM-from-handle type circuit breaker a^ 
an ammeter. 

Two feeders should be provided ircHn the main switchboard to the steer* 
mg gew room . The overlo^ protection for each steering gear feeder should 
be an instantaneous circuit breaker set at not less than 300% of the rating 
of the steering gear motor. The opening of the main switchboard steetit\g 
gear circuit Iweaker should operate an audible alarm located adjacent to the 
oruidpal propulsion control station. 


4muigenieiit of Switchboard Equipment. — ^When feeing 
Uxmt of switchboard, left hand contacts should be negatite and 
right hand contacts positive. If, in ^dal cases, it should appear 
necessary to use hcarizontal switches, the top contacts should be 
positive. If the buses are arranged hraizontally, the positive 
btxs dKNild be nearest the panels; if arranged vertically, the 
podtive bus should be at the top. G&atntoc circuit breakers 
should be located at the top of the panels. Below the circuit 
breakers should be located the meters and if the general switch* 
board illumination is not sufficient fra* the scales of these 
metns other means of illumination diould be provided. Below 
the meters should be located the ground detector and voltmeter 
switches and the rheostat handvdieel, and below these the 
fenerator switdi should be mounted. For small switdiboaxds 
there may be room at the bottom of the generator panel lor 
feeder switches. 

Od the feeder panels where circuit breakers are mounted above meii 
otiier there diovM be adequate spaciiv for the arcing or otherwise protective 
barriers installed. Switdws cm feeder panels sho^ be located with 
iugest ones at the bottom. Sufildent space diould be allowed vertically 
between swkdies to avcM injury to die hand in operation. No part of any 
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aqn^^xneiit dwtdd project beymid the edge of tlus paad. Mtetal framemrh 
8M laitnnnent caaee dwtdd be grounded. 

Arrangement of dktributimi boards edwn separate from the generator 
boards, Aould be the same as for generator switdiboatds as far as ptac* 
tiadde. 
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SWITCHBOARD FRONT VIEW 

Fio. 27. — ^Front view of lurbo-etectric drive switchboard, connected as shown in fig. 26. TliS 
ihstniment and apparatus are: 1, ammeter; 2, volt-meter; 3, volt-meter, 4, watt-meier; 
S, ammeter; 6, ammeter: 7, watt-meter; 8, Held ammeter; 9. held switch; 10, D.P.-D.T. lever 
switch; 11 to 14, oil circuit breaker reversing switches: 15, held rheostat: 16 and 17, watt* 
hour meters. 


Cables — Applications 

lieaded and Armored Varnislied Cambric Insulated. — Var- 
nished camlmc insulated cable may be used for all cable runs, 
and should be used for auxiliary power and lighting cables ndioe 
the ambient temperature is in excess of 50°C. Where vamidusd 







Marine Wiring Practiee 3«349 

camtnic is used, the wire size should not be smaller than No. 12 
AWG. (This necessitates the use of No. 12 wire for lis^ting 
tnanch circuits instead of No. 14.) 

Ijeaded and Armwed Rubber Insulated. — It is recomnieiMted 
that rubber insulated cable be used in all spaces where the 
ambient temperature does not exceed 50°C. 

Steel, Bronze or Alundnum Armor. — Bronze aluminum 
amKHT ^ould be used for all cables exposed to weather. Sted, 
bnxize cm: aluminum armor may be us^ f<M: all other spaces. 



Pi 09 . 28 to 31. — ^Various cables tued in electrical installations. Fig. 28 illustrates vamiabed 
camfaric-insuiated cable with interlocked steel armor; fig. 29 glyptal cloth-insulated cable for 
hot and oUy locations; figs. 30 and 31 vamtshed-cambric-insulated extra flexible appaiatus 
leads and asbestos-vamished-cambric insulated cable respectively. 


Armored CaUe, Vamished Cambric and Rubber Insulated. — 
Rubber or vamished cambric insulated armored cables may be 
used only in quarters for officers and orew and passenger ac- 
emnmodations. Vamished cambric should not be used for wires 
having cross sectional areas less than No. 12 AWG. 
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Where liG^ting fixtures or sockets ate not vented or detdgned 
to prevent the connecting vdres frcnn readiing an ensescave 
temperature, rubber insulated wires should not be used vdiere 
the ocmductcn: temperature will exceed 75‘*C. 

Braided Cable. — Rubber insulated may be used in lighting 
fixtures except as noted in the previous paragraph. In multipte 
lamp fixtures 2,580 circular nfils stranded, rubber and cotton 
Inakl insulated wire may be used for the iiulividual lamps aixl 
may be sjdiced in the lighting fixtures. 


bterior Communication Wires and Cables. — ^For call bell 
drciiits of less than 25 vdts, within passenger and crew ac- 
commodations, single-conductor bell wire may be used, if 
properlv installed in protected raceways. 

For interior oonununication apparatus, such as fire tdarms, khgnfiks, 
itlemUors. sitfuMing eircuUs, control eweuUs, etc., requiring two or naore 
wires, interior conununicatkm cable should be used and should be 
leaded and armored or armored, in accordance with the loaitions desciflMl 
hi the preceding pwagrai^, esoept that twin conductor li^ and power 
cable may be substitute for twin conductor interior nmmunicaticm cable. 

All telqrfsonet und teleidione systenn except those installed for the oon- 
renicaoe oi passengers and not essential for the operation of the veawd 
dxndd be wired with either annored, OT leaded and armored tdqehone edde 
as previoudy described. 

Inter-cabin telqjhone caUe of dther the armored or leaded and amored 
type as described, may be used for the passenger non-essential telephotw 
system. 

The American Tel. & Tel. Spedficatkxi Doubte-SiUc Imprqpiated ttwd 
Sheath Catde without armor may be used for teleidi^ cliciiits where a 
large mmiber of dnp’s service telqTbooes are installed in passengers’ wbA/ch 
crew’s quarters. Bridle wire in accordance with American T^. At Ttl. 
mecifkations may also be used for local wiring for ship’s sendee tdiqriiones 
provided it te rigidv held in {dace, protected medhuiicalinjiwymidiww 

nqxwed to moiBttwe. 
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Portable Coinhictore 

1. Babber-slieathed. — Omductors for portable cargo fix- 
tuies, tools, watertic^t and non-watotis^t portables, a gnallir^ 
lights and all portable or semi-portable fixtures outside living 
quarters diould be two-a»iductc»: portable rulfoar-eheathed. 

2. Armored.— Armored portable ocmductw cable may be 
used for the foregoing applications and should be used where the 
cable is continuously in (xmtact with oil. 

3. Braided. — Conductors for portable or semi-portable ap- 
paratus such as desk lights, flat irons and curling irons used in 
living quarters may be two-conductor portable braided. How- 
ever, tlm parallel conductor rubber-eheathed type portable cable 
is recommended. 


Cable Installation 

Cable CoBtimdty and Grounding. — ^All cables should be om- 
tmuous between outlet boxes, ccxmection boxes, switchboards, 
panel boards, switch outlets, receptacle outlets, terminal equip- 
ment, etc. For any cable provided with a metallic sheaA or 
armor, the sheath should te continuous fiom outlet to outlet 
and should be grounded at each end except that for fined sub- 
drctUtB the sheath may be gnnmded at the supidy end only. 
Whme sheathed or armored cable mters any box or wiiii^ 
device the sheath should enter the box and should be secured 
by a clamp or connecteH* to assure good electrical connection 
between the cabte sheath or armcar and the box. 

Cabto Lncaiimis. — Feeders of every descriptkm should be 
located with a view to avmding spaces where excesidve faei^. and 



3,352 


Msmne Wiring Practice 


gases may be encountered such as galleys, fire rooms, pump 
rooms and oil tanks; also spaces where esQXfied to damage such 
as cargo spaces and exposed sides of deck houses. 

Cables should not be located behind or embedded in structural heat 
insulation and where they pass through such insulation each should be pro- 
tected by a continuous pipe, preferably fitted with a watertight stu^lg 
tube at each end. 

Generator cables should not be located in bilges unless no other run is 
practicable. 


Cable Protection. — ^All cables in bunkers and where particu. 
larly liable to damage such as locations in way of cargo ports, 
hatches and tank tops should be specially protected by metal 
coverings, ang^e ircms or other equivalent means. Horizontal 
pipes or equivalent used for cable protection should have in. 
diameter holes for drainage every five feet. 

Cable Support. — Cables where ir^talled m groups should 
preferably be supported in n^tal hangers arranged as far as 
practicable to permit painting all around without undue dis- 
turt»nce of the installation. Cables grouped in a single hanger 
should preferably be limited to double banking. 

Clips or straps used for cable support should each be secured 
by two screws except that clips for supporting one cable. No. 10 
AWG twin or smaller, may be of the one-screw type. CaUes 
supported by clips or straps on under side of beams should be 
run on backkg plates or the equivalent. Cable suppcnts Should 
be spaced not more than 18 in. where vertical and 14 in. uiiere 
hfflizontal. 

Metal suppcMts should be designed to secure cables without 
damage to armor or insulation and should be so arranged that 
the cable vnll bear for a length of at least 
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CaUes — Radius of Bends. — Lea^ and armored cables 
dioold not be bent to a radius of less than 8 cable diameters. 
Other cables may be bent to a radius of 6 diameters. 

Cables Tbroi^h Buikheads, Decks, Beams, Etc. — Where 
cables pass through watertight decks or bulkheads, a water- 
tis^t stuffing tube capable of taking packing should be em> 
ployed. Wl»re cables pass through non-waterti^t bulkheads, 
beams, etc., a suitable bushing should be used of such a type 
as will permit drawing of the cable without damage. When the 
thickness of the bulkhead or web is ^ in. or mme the bushing 
may be omitted but the edges of the holes should be rounded. 

CaUe — Pulling in Force. — No cable should be drawn into 
wireways where the required pull exceeds twenty times the 
weight of the cable within the wireway and no appliance should 
be used which will damage the braid or armor. 

CaUes. — (Rat Proofing). During the installation of caldes 
due consideration should be given to the feasibility of rat pcocA- 
ing as required by the Public Health Service. 

Installation of Low Voltage Bell Wiring. — Wires serving low 
voltage circuits sudi as call bells for staterooms, public spaces, 
etc. , should be neatly grouped and run together and distributed 
as required. These wires should bo protected by molding, sjdit 
fibre tubing oc equivalent wrapping. The battery and branch 
leads may be tapped off by splicing. It is recmnmended that 
protected accessible connection blocks be used wherever possible 
instead of si^dng within wireway enclosures. Low vdtage cir- 
cuits should be run entirely separate fnnn other systems exo^ 
when contained in interior communication cable. 
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Yfhm the public 9p»oeB, passages* statmtoms* etc., an oeiIed« the caO 
befl wiring should be run and seci!^ above or bdiind the ceiling. KfoUQng 
may be in similar locations when then Is no ceiling. CaU bell wiring 
leading through crew's qiuuters and other living spaces where they may be 
subject to mechanical injury should be protected. 

Holes for Cables. — The size of holes required for the mstalla* 
tion of the cables for various systems should be such that they 
will not affect the structural strength of the various members 
throufi^ which they pass. 

Distribution ~ D.C. 

Distiilmfi<m — General. — In general the methods of distriba- 
tkm are as follows: (the number and size of the sub-divioons 
depending on the «ze of the vessel and electric plant) — 
the dktribution section of the main m: emergency generator 
switdiboaids to: — 

1. A brancn circuit for an individual controller and motor. 

2. A power panel-board then to a branch circuit ftar an individual cos^ 
tfotior and motor. 

3. A hinting brandi circuit. 

4. A pand-board then to lifl^ting branch circuit. 

5. More than one panel-board, each panel-board serving to subdivide the 
feeder to a sub-feeder simpiying another panel-board or a branch drcuk. 

6. Another switchboard* then by any individual or oombinatioos of 
to (5) above, as desired. 

Except in the case of small vessels and small electric plants, it is reoooh 
mended that the lighting distribution system and the power distribution 
system be mamtatned as a separate distributkm system from tlw main gen^ 
erator and emefgency generator switdiboards. 

and Type ef PAiiel-board8*--'All panel-boards shoi^ 
be located so that they are readily accessible at all tiiMS to 
qualified peraonneL They should not be located in bttnlc«r|» 
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csifO holds and similar spaces. If the method of operatkm de* 
niands the operation of the switches by unqualified persons, the 
panel-board dxnild be of the safety type. This type panel-bWd 
dnuld be used for the distribution to all li^^ting branch circuits. 
Panel-boards located on weather decks or other spaces eiqweed 
to the weather or other severe moisture omditimis should be 
watertight, elseadiere they may be of drip-proof construction. 

Metallie Circoite. — ^All circuits should be completely metallic, 
and no ground return circuits should be employed except for 
aerial or submarine transmission. 

Grounding of Porteble Equ^ment. — ^PcataUe equii»nent 
such as portable motor units for life-boat lufisting or any othar 
portable equipment fitted with portable cables and attadung 
devices and which operate on either two or three-wire drcuits 
of 220 volts or took should have their frames grounded. 

This should be accomplished by an additional conductor in 
the portable cable and grounding device in the attachment {dug 
and receptacle. 

Denuusd Factor and Vdtage Drop for Generate and Bus.— 

Conductors from each generator to the generator switchboard 
diould be calculated for the rating, including the turn-hour over- 
load rating Of provided) of each generator. 

Conductors between generator switchboards of different 
generating stations dmuld be calctdated on the basis 0 / 75% of 
the ^tkm having the greatest generating capacity. The drop in 
vcdtage from each generator to its adjacent gmerator switdir 
board shoidd not exceed one per cent. 

Conductors from storage batteries to the poont of distrffni- 
tion should be calculated for a nuudnnan charge, or diadharge 
rate of the storage batteries, and the drop in voltage from the 
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sbar&Sd batteries to the point of distributicm should nei acaei 
one per cerU. 

C(»aduct(M^ horn generatcn: switchboard to outlet for reoeiV' 
ing shore power shouM be calculated on the basis of the load 
required for this condition, or as specified, and the drop in volt* 
age from the outlet to the generator switchboard should not 
exceed two per cent. Conductors ^ould be continuous throughout 
their leng^. 

Balance of Circnita fm* Three- Wire Systems. — ^Snce branch 
lighting circuits are to be of the two-wire type, the three-wire 
system should not extend beyond the final panel-board. The 
llS-volt two-wire lighting branch circuits should be so diqx>sed 
that the load will be balanced within 15 per cent at the individual 
panel-boards as well as fn: the complete lighting system. 

Conductor Identification. — ^The individual oonductors cd 
branch cdrcuit cables should have distinguishing ccdors, and in 
grounded systems, the grounded ccsuluctor should be ccmnected 
to the shell of all sockets and all single-pole switches should be 
in the ungrounded CQnductcn*. The ungrounded systems, ring^ 
pole switches should be connected to similarly colored cash 
ductcvs. 


Feeder Connectiona. — Where a feeder su];q;>lie8 more than one 
panel-board, the connecticm should be of a type that do(»not 
sever the conductor, and the connection should be within the 
panel-board cv in a feeder juncticm box which is readily aocesrible 
at all times. In restricted spaces the feeder may be severed at 
the pand-boaid provided litgs and special bus b^s of sufficient 
csqmdty for the entire load are provided which will permit 
through feed in the event it is derired to disconnect the local 
panel-board. 
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Distribntlmi fw Nsvigatiog Uglito.— A sq»rate feeder frwn 
the emergeiury switchboard to the pUot house should be inetalled 
for the running, and necessary navigating lights in the pUo^ 
house and on the rumgating bridge; any other lights or small 
apparatus connected to this feeder Should be on branch circuits 
fitted with fusra of no greater capadty than three amperes. 
Masthead, port, starboard, range and stem lisdfts should be 
provided with duplicate lamps or a single lamp with two fila- 
ments. The duplicate lamps may be connected separately, by 
means of portable cable to two two-wire receptacles or as in 
the case of the two-filament lamp, by a sin^e three-conductor 
portaUe cable to a three-wire receptacle. 

Each reoqitade should be ocmnected to an mUpmUie mUeatar located in 
the pilot boutt which will give an audiUe and vimialfiignal on the occurrence 
of an ofra circuit. Each individual lamp circuit sIm)^ be fused ai^ pro- 
vided with selective switches. The indicator should be endoaed in a sted 
case unless the magnets are properly shielded. 

Dfstribnti<m for Power Equipment. — In general, powm 
feeders for cargo elevates, cargo hoists and cargo winches 
sdiich are to be disconnected when the vessel is undm'way should 
not be used to supply ventilation sets, drainage pump motors or 
•my amnratus required for the ship's cqiaation. 

Separate feeders should be run for engine and lire room auxiliaries, motors 
for ct^ handhng gear, steering gear, windlass, radio transmitters, search- 
Mghts and ventilation sets. Car^ ventilation fans and fans for ventilation 
of passenger accommodations should not be suiq>lied from the same feeder. 

Two feeders should be provided from the main switchboard to the steer- 
ing gear room. These feeders should be widely separated so as to minimize 
fsflim of both feeders by ccdlimn, fire or other casualty . Each feeder should 
tnve a continuous current carrying capacity of not less than 125% of the 
nmng of tihe motor or motors simultaneously operated therefrom. 

In order to prevent the qaead of fire, recent reculatkms of the fiMTsatr <tf 
Marine in^KtUu attd Naeieatkm require arrangements to permit stopping 
all vent fans from a central pdnt. 
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IHgtribiitioii far Heating Equipment.— -SeiKtrate leedere 
diouM be provided for air heaters when extensively used to 
augment or supplant other forms of heatup and the aggr^te 
csqmdty of the heaters in any one ampartment exceeds 5 kM, 
footed heaters, the aggregate of which does not exceed 5 Mm. 
may be taken from other power feeders vdiich are normal 
enm^;ized. An isolated heater, not exceeding 1 k.w. may be 
connected by a separate circuit to a panel-board which is con- 
nected to a lighting feeder. 

Motor Branch CSrcnits. — separate branch circuit diould be 
provided for each fixed motor having a full-load current rating 
of 6 amperes (»* more, and the conductors diould have a carrying 
capadty of not less than 125 per cent of the motor fiill-load 
ament rating. No branch circuit should have conductors less 
than No. 14 wire. 

Heating ^t^famee ftandi CSrcnito^Fixed heating appli- 
ances having an aggregate rating of not more than 6 ampmt 
may be grouped on a branch drcuit wired with not less than 
No. 14 mre and fused not in excess of 10 amperes. Fixed heal- 
ing appliances having an aggregate rating of not moe than 15 
amperes may be grouped on a brandi circuit wired with not less 
Ihm No. 12 wire and fused not in excess of 15 amperes. Fixed 
heating appliances having an aggregate rating of not more than 
20 amperes may be grouped on a branch circuit wired with not 
less tlm No. 10 wire and fused not in excess of 20 amperes. 

In these cases no other outlets cr apidiance should be connected, jip itbe 
brandi drcuit except that cuirent-on ineficating lights mar be fiontidered 
a part of tlie heater. Individual heating applianm with a rath g «f IS 
anqieres cr more diould be wired with a aeporate branch drcuit ^vicg * 
cunrent carrying capadty of not less than the fuU-losd rating t>f 
anoe and protected bv a fuse of not greater rating or nearest ters^daeliton 
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the heater. Indicating lights within the heater may becoosideRsd to be pro- 
tected by the brandi d^t fitae. For range units, bake ovens, jtriddles, 
broilen, in udiich self-contained fuses are provided foi eadi indhiduaBy 
oontroded heating element only one bcandi drcnit need be provided far 
each assembled unit. 


Motors Larger tiwn One>Qiiarter H.P. — In general, motore 
larger than ^ k.p. or apparatus consunung more than 
other than incandescent Icmps, should not be ccnnected to 
lighting circuits. 

Receptacles for 230 Volt Pwtable Equipment. — In cases 
where it is necessary to use 230 volt portable motors the 
receptacles for their attachment should be permanently marked 
indicating the voltage and of a type which will not permit 
attaching 115 volt equipment. 

IJ ghifaig Branch Circuits. — Connected Load. — It is reocnn- 
mended that in designing the lighting system, the maximum 
connected load on any Inranch circuit should not exceed 880 
watts. 


Ti ghtfug Branch Circuits— Wire Size.— All branch circuits 
dxwld be wired with not less than No. 14 AWG conductors. 


fi ghting Branch Circuits — Over-current Rotection. — 
lin i n g brandi drcuit slmuld be protected by hn over-current 
device in each wire of no greato: capadty than 10 ampnn, 
except branch circuits supplying <mly so^ts or receptades 
of the Mogul type and wi^ with not less than No. 12 AWG 
wir* may be protected by hiaes having a rated capacity not 
grmder than 20 amperes. 
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Wire Connections. — ^Wire joints or connections should be 
made by screw connections or approved connectors in flame- 
proof outlet boxes and wiring appliances. Except for portable 
ccvds, bell wires and lighting branch circuits the individual 
wires should terminate in lugs. For lij^ting taanch drcuits, 
wire lugs may be used or the ends of the stranded wire may be 
formed into eyes and soldered. The lug should be of sufficient 
size so that it is unnecessary to reduce the wire cross secticHi to 
permit proper entry into tlie lug except where the wire aze has 
been increased to reduce voltage drop. Under this latter con- 
dition, strands may be removed at the lug entrance but in no 
case ^ould the remaining cross sectional area be less than that 
required to carry the maximum current. This exception may 
not be applicable with some types of mechanical lugs due to 
the inability to obtain uniform bearing on the conductor. 


Use ef Outlet and Connection Boxes. — Outlet and connection 
bons should be located in accestible locations and not in h«flr 
of jdner panels unless the covering panels are hinged to permit 
■ready access to the boxes. 


Interior Communication Wire and Feeders. — Conductors for 
intearior communication circuits should be calculated for carry- 
ing capacities for the rated current of the apparatus connected. 


baterku’ Communicatkm Circuits — Selection of Voltage.-- All 
interior communicaticm circuits diould be deagned for operation 
from a 20 vdt or a 120 volt direct current or alternating cunent 
supply uidess the circuits are simple when 12 or 6 volts should 
be satisfactory. 
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Interior Commonicetion Circuits— Voltage Drop. — ^The naaxi' 
mum allowable drop on any circuit ^11 not exceed 5 per cent 
of the supply voltage from the point of supply to the most 
remote outlet under any operating condition. 


Interior Communication Circuits — Over-Current PiwteetioBi. 
— Where a common feeder is employed for a number of interior 
communication circuits, each circuit as well as the feeder diould 
be fused and the feeder size based on the connected load. 


Interior Communication Circuits — Wire Connections — ^Ex- 
cept for low vdtage call bell circuits, all amnections should be 
made with approved connector or terminal blocks in flame-procf 
boxes. It is suggested that properly protected and accessible 
termiiud blocks be provided for low voltage call bells to facilitate 
maintenance. 


Inierim Communication Circuits — Connection Boxes.— Qm- 
nection boxes where exposed to moisture or used with leaded 
and armored cable should be of the water-tight type and all 
others of the drip-proof type; water-tight boxes may be substi- 
tuted for drip-proof wherever desired. 


Special Requirements for Oil Tankers.— For requirements for 
inkers considt the Bureau of Marine Inspection and Nariga- 
tion. 
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Coniluctors and Apparatus in Vicinity 
of Standard Compass 

General. — It is an established £act that generators, motors 
and conductors carrying currents and particularly grounded 
circuits have an effect mi mainetic compasses. The surroundii^ 
of the apparatus and wiring, if in steel houses, may reduce to a 
considarable extent this effect. 

For small cables closely associated, carrying snudl currmts, 
the effect is very dight and for a single lamp (or lighting the 
conq;>asses die conductor, when twisted, may be led inside the 
binna^. 

The compasses should be adjusted to meet the average operat* 
ing conditions and the ^ect of electric circuits in close ixoximity 
should be checked by turning them on and off during adjust- 
ment. 


Direct Current Motors 

General. — ^AU motma should be wound fm* operation on 230 
vdits direct current (except in the case of installations having a 
very limited amount of power rqiparatus where Vi> vdt mbtms 
may be used). 

Ittrtallatien and Location. — Motors for mounting on opaa 
deck should be of the waterproof type or enclosed in metal 
houangs giving the same iHtitection as a waterproof motor 
frame. In the case of tank vessels, only endoeed separately 
vmitQated motors should be installed in compartments wM(^ 
may be subject to inflammable gases. All other types of motors 
dio^ be strictly prdiibited in such locations. 
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Motora dxnild be installed, as far as practicable, with the aimatiue 
•hidts in the fore and aft direction of the vessel. In case motors for service 
atteaaretobtmoantedmanatlueaTlsMpposilMm, the mamifarturCTriioiild 
be notified. 

AeeendiliiliQr. — ^All motors should permit ready removal of 
the armature and field coils and bearings should be arrangitd to 
fiKilitate lubrication and flushing. Eye bolts should be pay 
vided for lifting motors of over 150 lb. in weight. . Ali motors 
except firactional horse power mottvs should be provided on the 
commutatta: end with openings or removable covers of sufiSdent 
size and number to give easy access to brush rigging, etc., and 
permit direct view of the commutator and/or brushes while in 
operaticHi. 

bisnlation of Windings. — ^All assembled armatures and also 
the armature coils for open slot construction should be immersed 
in insulating varnish and baked. All field coils should be 
treated with varnish or other insulating omipound while being 
wound, or impregnated by the vacuum and pressure method. 
The finished winding should be water and oil resistant. 

fabrication.— Motors should operate successfully fcnr con- 
tinuous periods when tilted at an angle of 5° f(xe and aft, and 
15° athwartship, and should not spill oil when the vessel rolls 
30° either side of the vertical. (In cases where the shaft will 
be located athwartship, the manufacturer should be advised.) 

Termind Arrangements.— All motors except tlaise of the 
waterproof type should be provided with drip [»oof terminEd 
boxes and have the terminal leads suitably secured to the motor 
frame. The ends of these leads should be fitted with approved 
CQonectors. All connections to interior of motors as well as 
those to the current supply should be provided with efficfont 
todkmg devices. 
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The leads of the waterproof motors should be brought out of the motor 
through waterproof junctioii boxes. All leads should be located on the 
fighi^umd side (facing the commutator) unless otherwise ordered. However, 
both ttdes of the motor should be so constructed that the waterproof device 
can be attached in case a change is desired after installation. 

CiN'rosioii'Resistaiit Parts.— All motor interim bolts, nuts, 
pins. sc3%ws, terminals, brush-holder studs, springs, hand-hole 
cover bolts, nuts and such other small parts, which would be 
seriously damaged and rendered ineffective by corrosion should 
be made of corrosion-resistant material (M* steel suitably pro- 
tected against corrosion. Steel springs should be treated to 
resist moisture in such a manner as not to impair their spring 
quality. 

Heating Equipment 

Convector and Radiant Type. — Heaters should be suitable fra 
115 or 230 volts. The sizes recommended are 550, 660, 1000, 
1500, 2000, and 3000 watts. The 550, 660, 1000 and 1500 watt 
sizes may be designed for single heat. The 2000 watt size ard 
above should be designed for at least two heats. The construc- 
tion of the heaters should be such as to heat the surrounding air 
by convection. The heaters should be strong, durable and all 
parts should be of solid construction, capable of withstanding 
abuse uiuier service conditions. The framework should be metal 
of substantial proportion and securely fastened together. They 
should have non-inflammable heat insulating material, ra* ade- 
quate air circulation between the heater and surface , upon which 
it is mounted or to which it is adjacent. When heaters are of the 
pratable type, a suitable clip or bracket should be fitted holding 
the heater in a fixed position. 

Heaters installed on or adjacent to decks or bulkhead should be pro- 
tected by a perforated or expanded metal covering or equivalent, the ends, 
back and too may be of solid material. Heaters adth eqtosed surfoces in- 
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^itaHed ilui^ with the bulkhead should have such exposed surfaces pro- 
tected by a screen or guard similar to the other type with the same per cent 
openings, but the other sides of such heaters should be suitably imtected 
by a soUd metal enclosure so designed as to meet the specified temperatine 
limitations. Heaters for mounting on bulkheads should have their top 
slanted or otherwise designed to prevent hanging towels, etc., on the heater. 

The protecting guard sliould be strong enough to resist being forced 
against any current carrying part and give full protection from electrical or 
mechanical injury. The openings should be of small size to prevent the heat- 
ing elements from being short-circuited or damaged by accident. All metal 
parts of the heater should be suitably protected against corrosion. The heater 
element may be of the open or enclosed types and the resistor material 
should be non-corrodible. If the heating unit is of the enclosed type, the 
enclosing case or jacket should be permanently corrosion-resistant. If the 
heating elements are of the open coil type, they should be so designed and 
supported as to withstand vibrations and prevent short circuit with adjacent 
elements. 

The heating elements should be made up of tmiform units easily ii^talled 
and replaced. The elements should be of a material that will not corrode or 
oxidize. Alloys containing zinc are not recommended for this purpose. No 
material should be used which is inflammaole. All connections of the heating 
elements should be accessible and so made that they will not become loose 
from vibration. 

The elements should be wired to a terminal block with connectors and 
the leads brought out through insulating bushings. All insulated parts should 
be unaffected by the heat from the heating elements. The external tempera- 
ture of the enclosing cases of the heaters should not exceed 125X . except the 
flush type, in which case the temperature should not exceed 100®C. When 
Ine heaters arc mounted upon or adjacent to the decks or bulkheads, the 
construction of tlie heater shruld be such that the nearest deck or bulkhead 
surface will not exceed a temjx.rature of 55®C, For test purposes, an ambient 
temperature of 25^*0 . should be used. A suitable regulating switch mounted 
on an approved insulating base should be provided. Heaters should be 
equipped with a thermal cut-out of the manual reset type tliat will prevent 
overheating of the elements. The heater when hot should withstand 600 
volts alternating current, 60 cycles for one minute applied between the 
frame and current-carrying parts. 

Every piece of apparatus should have a name plate attached specifying 

Marine** manHjacturer*s name^ volts, amperes, waits and designating number. 

Luminous heaters of a type approved by the Underwriter's Laboratory 
may be installed if desired by the owners. 
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; Glow heaters of the incandescent lamp type in which the demeitt k 
enclosed in an exhausted glass bulb, are not recommended, but shoidd be 
constructed to recommendatkms previously stated, as regards foe ride, 
gaarding, etc., and in addition the lamps should be suppesrted in soctets trf 
ample current carrying capacity, preferably of a spring or flexible type; an 
additional spring support ^uld be fitted at two-thirds of height of lan^w to 
prevent breakage from vibration. 

Blecfric Heaters (Theory). — ^Electric heaters used aboard 
ships are for the purpose of cooking or for heating of uioier ot 
space. 

The heating effect received is due to the current flowmg 
through its resistance coil. The resistance units are usually 
wound for the full line voltage of the supply. They are class!* 
fied in accordance with the number of watts required’to cerate 
them^and also in accordance with the number of ways in which 
the units may be ccamected such as, single heat, double heat, 
triple heat, etc. 

jungle Heat Type. — In this type the resistance units are ccaa- 
nected permanently in series, parallel or series-parallel and are 
operated by closing a switch, fig. 32. 

Assuming a potential (E) across the heater coil or coils of (R) 
duns resistance, then the heat generated is EVR joules per 
seconds. 


Double Heat Type.— In the arrangen»nt fig. 33 the heat » 
oontroUed by two switches connecting two equal resistance 
coils to the source. When closing the double pole switdh only 
redstance Ri is being heated. The anK>unt of heat generated is 
EVRi joules per seconds. 

If only the dngle pole switch be dosed the heat generated is 
EVR» jc^des, but since Ri ecpials R« it is evident that the hid- 
ing will be the same in both cases. On the other hand If hOd) 
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( R +Rt\ 

per second or twice the amount generated with only oae switdb 
dosed at a time. 

l^ij^e Heat Type. — With reference to fig. 34 low heat is 
obtained when the double throw switch is closed toward the 
rig^t, connecting Ri and R* in series, if E is the supply voltage, 
the heat generated is EVRx+R* joules per second. 


SOURCE SOURCE SOURCE 



When the double throw switch is closed toward the left, 
medium heat is obtained Ri is connected across the line and Rs 
is cut out. The heat generated is now EVRi joules per second. 

Finally when the double pole switch only is closed, Ri and Ri 
are connected in parallel. 


The heat is now 



E> joules pear secbnd. If Ri etiuals 


Rs the ratio of the heat obtained is I/2R : 1/R ; 2/R. that is 



3,368 


Marine Wiring Practice 


the medium and hi^ heat are two and four times req)ectiveiy 
as high as that of the low heat. ' 

Thennal Units. — ^The unit of keat energy is the BJm. (Briti^ 
thermal unit) and is defined as the amount of heat necessary to 
raise the temperature of one pound of water one degree Fahrenheit. 
An expression giving the relaticms between the electrical energy 
in a circuit and the heat in B.t.u. is: 


K 


0.057t 


E» 


Where H » amount of heat in B.t.u. 

E a potential of the source in volts 
R « resistance of the circuit in ohms 
t time in minutes. 


Example.— hn electric heater having a resistance of 12.1 ohms is con. 
nected to a potential of 110 volts for one hour. How many BUm. an 
obtained? 


Solution . — substitution of values in the above formula gives 

H -0.057X60X^=57X60 or 3,420 B.I.W. Am. 

Example . — How much current does a 115 volt 1500 watt heater diaw 
from the line? What should its fuse rating be? 


Solution^ — ^The current from Chun's law is: 


amperes 


wattf 

volts 
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A substitution of values gives 

amperes « -r^ = 13 X)4 
115 

The fuses should be the next commercial size above 13, say 15 amperes. 


Lighting Equipment 

Location of Fixtures* — Lamps should be located preferably 
overhead, except as a decorative feature in specially equipped 
rooms, l^e lamps and wiring appliances should have maximum 
protection and should not be o^ured by moving or stationary 
objects. When located on bulkheads they should be about six 
feet above the deck. 

Lamps and portable outlets in cargo spaces or on the underside of decks, 
subject to dropping of heavy weights, should not be fastened to decks, but 
to <^p8 secured to the side of beams and brackets and should be protected in 
cargo spaces by metal rods or angles on each side of the fixture or portable 
outlet. 

Attention is directed tliat some types of high wattage lamps are designed 
to operate only in either ^'base up’* or ’‘base down” position. 

A tell-tale light should be installed outside each refrigerated space to 
indicate when the lights inside are energized. 


niuminatioii Requirements. — Every compartment, state* 
room, office, bath or lavatory should have at least the equiva- 
lent of a 25 wait lamp or portable for connecting same. 

Single lamps or fixtures of more than 50 watts should not be used unless 
dififiised by o^red or ground glass, except for cargo lighting and for ma- 
chinery spaces if mounted above range of vision. 
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Lamp*. — ^All lamps should be selected tor the vdtage v^ch 
they will operate, generally 115 volts. Intermediate base with 
special shapes and sizes should be used only in spaces as a 
decorative feature. It is reconunended except for instrument 
lighting that lamp bases not smaller than the intermediate type 
be used for decorative lighting purposes. 

Arc Lamps. — ^Arc lamps ^ould not be used except ftn* search- 
lights or moving picture projectors. 

Outlets for Portable Lighting Equipment. — Pmtable outlets 
o( watertight type should be provided for chain lockers, wind- 
lass, deck madiinery, steering gear, boiler man-holes, boiler 
rooms, bunkers, engine room, shaft alleys, refrigerating machin- 
ery pump rooms and wherever exposed to moisture. 

Non-watertight outlets may be used in baggage rooms, mail rooms, deck 
lockers, sUxe room, passenger and crew accomnxxlations, deck fan rooms 
and similar places. All portable lights should be guarded, except when used 
for semi-decorative ourposes in passenger and crew staterooms. Fbrtable 
lights should not be used for built-in berths. Lights on beds or other furni- 
ture connected by portable cable should have the cable secured to the furni- 
ture to reduce the amount of loose cable to a minimum. Cords for bed 
lamps, floor lamps, table lamps and desk lamps for new installations 
should in general not exceed five feet in length. 

Ughtiiig for Cargo Handling.— Lighting of cargo spaces, 
hatches and cargo handling gear by large units should ody be 
used when the lighting units are out of range of vision of the 
perscms employed. Outside lighting for lighters, wharves, gang- 
ways, decim and hatches should be from overhead. In cargo 
spaces, tit^ts should be so placed as to protect the li^ on the 
cargo ports and hatches. 

Permanent Watert^ht Fixtme8<i— Fcht outside use, forecastle, 
poop deck houses and mess spaces (not used as living quarters'^ 
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cai%o spaces, eo^e rorao, fire rcxnns, steermg gear, windl^ 
and pump room fixtures should be made of corrosioiHcesistaiit 
material axul ^lould be made watertight. The globe should be 
protected by a substantial guard. 






Fam. 35 to 38.<«^Repre«ent various types of permanent water-tight fixtures for outidde lar. 


These fixtiues should be so proportioned and ccmstructed 
that when operating continuously with rated size lan^}, the 
temperature will not exceed 35°C. above the surro unding air. 
Watertight globes should be flanged or of threaded tyi)e. Screw 
threads should conform to the following dimensions: 



Inside 

Outside 

Inside 


diameter of 

diameter across 

diameter across 


globe 

top of thread 

bottom of thread 

OtobesforlOO 


4.859 in. max. 

4.734 in. max. 

mtt lamps 

4.844 in. min. 

4.719 in^ min. 

Globes for 50 

4 ”- 

3.297 in. max. 

3.1719 in. max. 

watt lamps 

3.282 m. min. 

3.1569 in. min. 
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4 rh threads pei inch with a minimum threaded distance of one 
inch. The radius of the thread should be H inch and the center 
of the first thread should be M inch from the edge of idobe with 
threads spaced on inch centers. The inside diameter of {^obe 
may have a variation of Vsa inch. The base of the fixture should 
have no less than 2 threads for the reception of the globe and 
should be provided with external threads for the reception of 
the guard. 



Flos. 39 and 40. — Water-tight receptacle and plugs for one and two outlets respectively. 


Portable Watertight fixtures. — Watertight portables should 
be similar in construction to the permanent wateitight fixtures. 
The guard should be provided with a hook or ring; also a handle 
with a stuffing tube for the cable and means to prevent strain 
on the connections. Portables with bodies of molded insulating 
material may be used. The use of brass shell sockets is not 
recommended. 




Fioa. 4X and 42.— Portable water4ii^t. fiatuiea. 
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FtvtaUe Non>Watertight Hztnres.— These need not have a 
globe or stuffing tube , but should be equipped with guard except 
for semi-decorative desk lights, floorlamps, table lamps, etc. , in 
living quarters and should preferably be composed of insulating 
material as far as possible. They should be provided with means 
to prevent strain on the connections. 



Fkcs. 43 to 45. — Cabin, atateroom and promenade deck fixtures respectively. 

Interior Fixtures. — Fixtures for passenger accommodations 
and living quarters of crews should be substantially constructed 
and provided with sockets or receptacles which cannot become 
loose or disassembled through shock or vibration. 

Dome fixtures should be ventilated and designed so that none of the 
adjoining woodwork is directly exposed to the heat of the lamps. Fire 
resisting material may be provided as a heat insulator. AU fixtures should 
also be adequately vented to prevent excessive temperature from reaching 
the supply wires. 

Emergency Light and Power System 

General. — Genial requirements for this system will be found 
in Department of Commerce, Bureau of Marine Inspection and 
Navigation Rules and Regnhtions, and all details of this system 
are subject to the approval of the Bureau of Marine Inspetiim 
and Navigation. In general, the following recmnmendations, 
though somewhat more detailed, are in accordance with the 
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Bureau requirements but the latest requirements of the Bureau 
should be used as the authcurity for ea^ vessel. 

Every vessel equipped with an electric lighting plant should be pwvided 
with an independent emergency source of power installed above the bt^* 
head deck, as described in the following sections; All emergency lights shnM 
oear e distinguishing mark for ready identification. Emergency hghts should 
form a part of the regular lighting system to insure readiness of tomung. 

Cargo Vessels. — ^For all vessels of 1600 gross tons and over 
the emer^cy source should consist of storage batteries or 
diesel generating set having sufficient capacity for continuous 
operation over a period of at least 12 hours when supplying the 
navigating light circuits, telegraphs, binnacles, and the emar- 
gency lighting for machinery spaces, steering gear room, radio 
' room, emergency power stations, passageways, exits from 
crew’s quarters and other spaces zmd equipment necessary for 
the operation of the vessel in an emergency. The emergency 
system should comprise independent circuits from the emer- 
gency pane!, and be normally energized from the main power 
source. 

Cargo Vessels Less Than 1600 Gross Tons. — ^Approved 
safety lanterns may be used for emergency lighting for vessels 
less than 1600 gross tons. 

Passenger Vessels of 1600 Gross Tons or Over* — ^The 
emergency source for all vessels of 1600 gross tons and ovet 
^lould con^ of one or more diesel engine driven generator sets 
having sufficient capacity and fuel supply to carry the full 
emerg^y load continuously for a peri^ of at least 36 hoars, 
and such final emergency source should be suppleniented by a 
temp(»ary emergency source of power for lishtmg, conasting 
of storage batteries having sufficient capacity for oontinuoiis 
operatkm over a period of at least IH hours. 
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Tlie capacity of the temporary- and final emergency souroea 
should be determined by the maximum operating loads of the 
fcdlowing groups of circuits. The temporary emergency circuits 
should provide continuous emergency lifting and power for 
essential communication circuits during the interval between 
the fiulure of main source and starting of the emergency genera* 
tor. 



WiOGCtSO^Tixca 

46. — ^IVpieal emergency control switchboard. This switchboard is usttally located on the 
boat deck and adjacent to the emergency generator set. Power is supplied to the emergency 
awttchbOBid from the main board on nornud operation^ and from the diesel driven emer^ 
l^ncy generator or storage batteries on emergency operation. 
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The circuits reconunended for connection to the tenqpnrary 
emergency lighting storage batteries are as folloiivs: 

1. Temporary Emergency Lighting, Communication and Power Circuits » 

(a) Navigating lights 

(b) Machinery space lighting 

(c) Radio room lighting 

(d) Passenger and crew exits and passageways (including public spaces) 
adequately to permit passengers and crew to readily find th^ way to the 
boat deck. Lights should be located at least at each end of each section of 
aU fore and aft and athwartship passageways and at each stairway and exit 
on each deck. In no case should the distance between lights exce^ 75 feet. 

(e) At least one light on each berthing compartment accommodating 20 
or more persons. 

(f) One or more lights in the galley, pantry, steering gear room, emer- 
gency power station, generator space lighting, chart room, pilot house, 
public spaces, and at all other locations, gauge boaids, gauge glasses, etc., 
essential for emergency operation of the vessel. 

(g) Boat deck lighting. 

(h) Power for essential communication circuits between bridge, engine 
room, steering station including telegraphs, if electric. 

(i) Watertight door operating gear (if electric) and indicating system. 

(j) General or emergency alarm and fire alarm system. 

(k) Emergency loud speaker system. 

2. Final Emergency Lighting, Communication and Power Circuits to be 

connected to the emergency generator; 

(a) All items enumerated in No. 1. 

(b) Life-boat flood lights. The lighting in the vicinity of the life boats and 
the l^t handling equipment, including the flood lighting of water at the 
sides of the vessel, should be sufficient to permit the complete operation of 
loading, bwering and releasing of the life boats. 

(c) Emergency bilge pump, one hre pump, and one sprinkler pump 0f 
provided). 

(d) Other interior communication systems essential for the emergency 
operation of the vessel. 
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(e) Radio equipment. (This is in addition to the separate storage battery 
source required by the Federal Communications Commission.) 

The switchboard for the control of the emergency plant should be de» 
signed so that all emergency circuits are normally energized througfh the 
emergency switchboard from the main generating plant. 

The temporary emergency lighting and communication ^cuits should 
be transferred to the storage battery automatically upon failure of the main 
generator supply. In general, all emergency circuits should be provided as 
independent circuits from the emergency power distribution source. Wire 
sizes, voltage drops and all other details should conform to the reoom^ 
men^tions as previously given. 

Passenger Vessels — 100 to 1600 Gross Tons. — For passenger 
vessels of 100 gross tons and less than 1600 gross tons, the 
emergency source for lighting and power should consist of a 
diesel engine driven generating set or a storage battery having 
sufficient capacity to carry the full emergency load for a period 
of at least 12 hours. ' 

Passenger Vessels — Less than 100 Gross Tons. — For passen- 
ger vessels of less than 100 gross tons the emergency lighting 
system may be approved safety lanterns. 

Signal and Communication Systems 

General. — Electrical signal systems forming part of the 
essential operating systems of the vessels should be as inde- 
pendent and self-sustaining as possible. When dependent on a 
current supply the source of energy should be capable of main- 
taining the operation of the systems for a period of at least 
twelve hours and should be independent of the generating plant 
w as required by the Bureau of Marine Inspection and Naviga- 
tion. 


Electrically operated signalling and indicating systems are recommended 
fnr sudi apjdications as engine, steering and docking tel^piaidB and ruditer 
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initotors, in preference to mechanical wire or shaft operated systems whete 
the Installation necessitates many turns which may be adversely affected by 
the varying stresses and strains due to loaded and light coPditkm Of the 
vessel. 


InfiTtallation and Location of Instruments. — ^All instruments 
should be installed with a view to securing the greatest amount 
of mechanical protection. Lamp type indicating devices should 
be so located that they do not interfere mth the vision of the 
helmsman for light navigation. Pedestal type instruments 
should preferably be installed on wood deck blocks and caulked 
at the deck to prevent water collecting under the pedestal base. 

Instruments for bulkhead mounting should be rigidly secured in place 
and should be mounted at a convenient height for ease in reading. It is 
recommended that the deslgi^tion plates and marking for all equipment 
located on the bridge, essential for the operation of the vessel, be of the 
luminous type. 

Any attachments made to machinery or apparatus for the operation of 
electrical or mechanical indicators should be such that the deiangement of 
the parts will not interfere with the operation of the machinery or aoparatus 
and the deranged parts can be r>.iadily removed. 

Instrument Construction. — ^The construction of the various 
telegraph instruments should be in accordance with the best 
standanl practice for marine installation, the salient points for 
consideration being the following: 

Instruments should as far as possible, be water-tight, fitted 
with suitable terminal tubes for cable entrance and a connection 
board with marked terminals for each wire. 

The outer case should be of corrosion-resistant material and may be 
either casting, molding, stamping or fabricated construction. If molded 
composition be used, it should be flame-i^oof. All small parts should be ot 
corrosion-resistant material or steel suitably protected against corroskm* 

The current carrying parts should be of suitable zpaterial ftn* the servioe. 
Such as brushes, copper conneetkm bk>ck8. etc., and all wearing paru shoiiH 
be of suiSdent hardness to prevent excessive wear 
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All coils ibould be suitably insulated and impregnated to withstand the 
conditions of heat, oil or moisture that may be encountered within the 
instrument by virtue of its own operation or external conditions. 

In all electrical instruments (transmitter, indicators, etc.) the txans- 
mitting segments, brushes, magnets, motors, etc., should conform to the 
best genial practice as regards construction. 

Push Buttons, Bells, Buzzers, Etc. — Construction. — The 
push buttons, bells and other fittings required in various sys- 
tems mentioned hereinafter should meet the following general 
recommendations: 

All small parts, including screws, contact elements, etc., should be of 
corrosion-resistant material or steel suitably protected against corrosion. 

In all exposed locations, and in boiler rooms, engine rooms, crew’s 
q^aces, galleys, working passageways and all similar locations, water-tigU 
eqmpmpH should be used. The water-tight enclosures for the operating 
mechanism should be of corrosion-resistant material. 

Bells and buzzers should be of rugged construction, suitable for marine 
service, and not affected by vibration; the appliance to consist of box en- 
closing the mechanism, cover, and a gong, or vibrator; the mechanism 
should be readily accessible. The securing of the cover to the box for water- 
tight appliances should be by means of a coarse screw thread, with a ground 
joint, or a suitable rubber gasket with four or more securing screws. The 
box ^ould be provided with at least three lugs for bulkhead mounting, and 
provide for mounting screws of not less than ^ in. diameter. Suitable 
bosses ^ould be provided on the side of the box for tapping for terminal 
tubes for incoming leads. 

There should be at least H inch clearance through air, and inch 
creepage clearance between all live parts of opposite polarity and between 
inside of enclosure and any live parts for 115 volts or less. 

Tlie exterior surfoce of the bell box should be painted and gon^ should 
be given a durable fiidsh. The interior of the bed box should be given two 
coats of suitable insulating paint. 

If the design of water-tight bells and buzzers is such that the bell dappet 
passes through the box, it should be made water-tight. The bell should 
Operate on a 20% reduction in voltage. 

Cmk dboidd successfully withstand, foe a period of 5 seconds, the follow- 
ing high potential test betwe^ each electric dreuit and ground: 
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(a) 1500 volt$» 60 cylces, for 115 volt coils, (X 

(b) 200 volts, 60 cycles, for coils of 20 volts or less. 

Succeeding the dielectric test the coils should show an insulation re- 
sistance of each electric circuit to ground or not less than 1 megohm at 500 
volts. 




SINGLE BELL, PARALLEL CONNECTED PUSHBUTTONS 

Pios. 47 to 50.— Various bell circuits. The series arrangement, fig. 49, however, is very seldom 
used. Since the belts arc series connected the potential of the battery must be five times 
larger than that required by one bell. Aiu>ther disadvantage is that an open connection 
anywhere in the circuit will put all bells out of service. 


The operation of bells and buzzers should be unaffected by range of 
temperature from 20^*0 to 70®C and the winding should be sueb as to not 
have a rise in temperature above surrounding air of more than 30*^0 under 
30 minute ncsrmal operation. 




Marine Wiring Practice 


3,381 


Name Places. — ^All current consuming equipment including 
telegraphs, bells, buzzers, etc., should be equipped with a suit- 
able name plate ^ giving manufacturer’s name, voltage and cur-, 
rent consumption or rating. 

Engine Order Telegraphs. — Every vessel should be equipped 
with a repeat-back signal system from the navigating officer’s 
station to the engine room. 

Any system installed should check within an indication 
on the transmitter and receiver and the indication should retain 
this accuracy. TTiis accuracy should be met with the vessel 
light and loaded and under the most severe weather conditions. 
There should be an audible signal with every change in the order 
and reply. 

Mechanically operated telegraph transmitters at the forward and after 
end of large vessels should not be connected to the same engine room 
indicator. 

Deck mounted transmitters should be mounted with the dials in a lore 
and aft position, and the movements of the operator's handle should be in 
the dire^ion of the desired movement of the vessel. The dials should 
contain at least the following indications or their equivalent: 

For Port Dial 
ilAeod— Full Half Slow 
Standby Stop Finished with engines 
Astern — ^Slow Half Full 

and ^uld be so constructed that they are plainly visible 10 feet distant 
and the bridges or deck transmitters should be illuminated from behind 
the dial for visibility at night. Indicators in the engine room should be 
mounted as near the operating gear as possible, and equipped with solid 
brass engraved or the equivalent dials. 

Ftrerooni Order Telegraphs. — Telegraph systems for traas> 
nitting (orders from engine room to boiler rooms should be of 
similar omstructkm, installation and operation as eng^ tele- 
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graph system; the transmitters need not be illmninated. 
markings should be suitable for the system of air, fuel and feed 
"imployed or as required. 

Docking Order Telegraphs. — Telegraph systems for trans^ 
mitting docking orders between the navigating positions ai^ the 
after bridge, should be of the same construction, installatkm 
and operation as the engine telegraph systems. Transmitters 
and indicators should be illuminated. 

Steering Order Telegraphs. — ^Telegraphs for transmitting 
steering orders should have a transmitter at the bridge, con- 
nected to an indicator at the after steering station and steering 
gear room. The after steering station and steering gear romn 
indicator is to be fitted with a repeat back signal to the bridge, 
unless a rudder indicator is installed on the bridge. 

Rudder Angle Indicator. — On passenger ships amd other large 
ships as required, an electric rudder angle indicator system 
should be supplied. The transmitter should be located at the 
rudder head and actuated by the movement of the rudder, the 
angular movements being indicated in the pilot house. The 
angle of the rudder should be indicated automatically at the pilot 
house station and if the indicator does not move synchronously 
with the rudder but operates step by step, the minimum indi- 
cations should be bv degrees to ten, then 123^ degrees, 15 de- 
grees and by 5’s to 35 degrees. Wherever possible, synchnmous 
type indicating equipment is recommended. The indicator 
located on the bridge and at the after steering station should be 
ilhuninated. 

Mechanical Telegn^ih InstallatioBB.'— For medianictd tele* 
grai^ systems all’wires, pulleys, diains, sheaves, tumbin^les, 
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qnings and wearing parts should be corrostm-resi^ant metal. 
Pulleys should be of at least 3H in. diameter and provided with 
suita^ holes for oiling. All wire should be of brass, at least No. 
10 AWG thoroughly stretdied before installation. No slices 
in wire should be used. Chains in pulleys ^ould be used at all 
turns; bell cranks should not be used. Wires should be turned 
and wrapped at gongs and pulls. At chains, they should be 
turned and provided with sleeves. Where necessary, systons 
should be provided with springs to take up slack wire in the 
system. 

Mechanical telegraph systems operated by wires should be as direct 
and have as few turns as possible, and should be so installed as to be 
accessible at all times. 

* Wires should not be run behind insulation for refrigerator spaces, througH 
coal bunkers or cargp spaces, except when unavoidable and then should be run 
through tubes for each wire; the tubes terminating so that wire may be 
removed and renewed with the bunkers and cargo spaces filled. Wires should 
not run behind paneling of rooms unless made readily accessible by suitable 
' removable covers. Wire should be supported every three feet or when run 
through members of the ship's structures should be through holes having 
a diameter not less than two diameters of the wire and sliould be so installed 
that they do not bind on the supports or edge of the holes when in motion. 

Wires should be protected by suitable covers throughout their length, 
except as provided for above and for risers in engine room and between 
decks, where all wires for a single system, not exceeding four, may be run 
in one tube and not less than three inch diameter. Wires should be spaced 
at least H inch horizontally and ^4 inch minimum vertically between 
centers throughout system. 

Engine Order Bells.— For some groups of vessels. UU pulls 
instead of telegraphs are permitted by the Bureau of Marine 
Inspection and Navigation. The use of telegraphs is recOTn- 
mended in preference to bell pulls. Bell pull systems employing 
[mils in pilot house, on bridge and on deck houses operating 
hammer gongs and jingle bells in engine romn should be pro- 
vided with suitable sounding tube with a receiver embracing 
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one-half the gong in the engine room connected by at least 
in. brass tubing to a flaring transmitter at all the pull statkms; 
the transmission of sound should be such that it can be heard 
anywhere in the enclosure and five feet distant in open ^ces. 
The material, installation and operation should be the same as 
described fear mechanical telegraphs. The system should be 
provided with a label plate at eadi mechanical pull, gong and 
smmd transmitter, giving the systems used. 

For Great Lakes and River Rules see Bureau of Marine 
Inspection and Navigation Latest Rules. 

Alarms for Cold Storage Spaces. — In order to prevent injury 
to personnel, all refiigerated spaces and ice boxes for the stcaage 
of ship’s stores and provisions should be provided with a mechan- 
ical or electrical signal. A pull or push button should be located 
inside and at the exit of each storage space, and the signal 


EMEKGENCV SWITCSOARD BUS 



Flo. 51 .-0)ld fttoraiEe space alarm wiring. This alarm is designed to protect anyone who mliy 
baoonie kjdsed in the cold storage area. The ^arm operates from a puib button located 
inside the refrigerausd space through gongs as howler located in shio*s passageway ad|aisent 
to the refrigerated area 
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should be located within hearing distance of a location where a 
person is regularly employed. The signal and pull or push 
button should be provided with a suitable nameplate to desig- 
nate its function. 

Anchor Windlass Signal. — When the operator of the anchor 
windlass is out of sight of the man handling the chain, there 
should be installed between the two positions a bell pull system 
with a pull on deck and a six-inch gong at the operator’s por- 
tion, or in lieu of this, a 1* 2 *n. voice tube. 

General Alarm — (Passenger Ships). — A general alarm system 
is required by the regulation of the Bureau of Marine Inspection 
and Navigation. General alarm system should be provided on all 
vessels over 1(X) gross tons and should consist of not less than 
eight inch diameter bells producing signals of a distinctive type 
from other bells in the vicinity, and so located that their opera- 
tion will be heard by all passengers and crew. These bells should 
be controlled by manually operated contact makers from the 
pilot house, fire control station or stations as determined by 
Bureau of Marine Inspection and Navigation. Each bell should 
be independently fused and the fuses located above the bulkhead 
deck. The system should operate from a source of energy capable 
of supplying the system for a period of at least eight hours and 
independent of the main generating plant or as required by the 
Bureau of Marine Inspection and Navigation. 

Bay Passenger Ships. — Same as previous except the bdOs 
should be so located that their operation will warn all the crew 
and the passengers occupying staterooms. In public spaces and 
open decks alarm to crew should be visual instead of by bell. The 
general alarm system is to amply with the latest Rt^s of the 
Bureau of Mdrine Inspection and Navigation. 
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TEST QUESTIONS 


1 . The regulations for electrical installation on merchant 

vessels are promulgated by what government agencies? 

2. what type of current is used aboard merchant vessels? 

3. Name the various standard voltages employed on 

merchant vessels. 

4. What type of prime movers are usually employed on 

merchant vessels? 

5. What are the rules governing installation and location 

of storage batteries aboard ships? 

6. Why are storage batteries required for use aboard 

ships? 

7. Describe the method used for charging of batteries 

aboard merchant vessels. 

8. What are the specifications for installation of switch^ 

boards aboard merchant vessels? 

9. Draw a wiring diagram illustrating method of measur- 

ing voltage between several sources of power using 
one voltmeter and multiple switch. 

10. By what means are the reversal of propeller rotation 

obtained on ships equipped with turbo-electric pro- 
pulsion drive? 

11. Haw are current carrying cables supported on mer- 

chant vessels? 

12? What is the maximum permissible voltage drop on 
interior communication circuits aboard merchant 
vesieb? 
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Wiring Under Fioors 

The probkan of arranging wiring undo* floors with a multi- 
plicity of floor outlets spaced so that they will meet the prol>- 
able requirements of modem a>mmercial buildings in capacity, 
flexibility and convenience has led to the development 
under floor wiring systems. 

In these systems two forms of conduit* are used: 

1. Duct or rectangular conduit; 

2. R^ular pipe conduit. 

A typical under floor system consists of a network of lec- 
tang uiar steel ducts, sii^le or multiple, onbedded in the flow. 

Each loigth of duct is equipped with outlet extensions a{q>Iied in the 
course of manufacture, at minimum cost, at specified regular unifonn 
intervals. Theadvantage of under floor ducts in d&x buildings is irtivioas. 
Hie practkau advantage, eomomy and convenience of these preaet, rqp- 
lady apaoed inserts should be Just as appaieot. Omfusion, dirt and noise 
are practically eliminated in making ocnmeetions after comidetion of fba 
buildbig. Fl^bilityinuseisinherentintheprinciple rrfunderfloordis- 
tributioa and is ni»le fully available by the pce^ insert feature. 


^tlOTE**-Ci!lad iciufvr 4opr rmememm by ttm Cooe. 
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Figs. 5»671 to 5,673 show the proportions of the duct and the outlets. 
These ducts come in 10 ft. lengths and the outlets are usually spaced 2 ft. 
apart. 

The sectional view, iig. 5,674, shows one of these outlets with wires 
passing through it. The outlet as seen has a screw thread. Of course all these 
outlets will not be used and accordingly plugs are provided to dose those not 
in use. Figs. 5,675 to 5,678 show plug in duct, parts and wrench. 



Figs. 5.671 to 5.673 .-~Walker under fkx>r duct showing outlets. Standard aUtaa No. 1, 
2. 3HX1X'. 



Sm. 5.674.— Ssctkmal view of Nat&onal duct showing threaded outlet. The sweeniag ourva 
is to tadlitste pulling the wirae. 



Wiring Under Floors 


3489 


Fig. 5,683 shows one type of plug. 

As shown, the duct is embedded in concrete fill with plugs screwed down 
into the duct outlets. Plugs may or may not be concealed by fioor am- 
struction, and marker screw can be elevated to show at fioor when required. 
The construction of the plug is plainly shown in the illustration. The por- 
tion of the plug is indicated on the fioor by the marker screw as shown in 
fig. 5,679. 



Pkjs. 5,675 to 5,678.— Natkmal duct with plug in outlet, wiendi, 

Aowe outlet plate end fig. 6,676, floor covering eacutcheoo, fig. 5 678 ihawa 

the wrench. 



Fig. 5,679---National type A olug showing application of floor covering escutcheon. 'When 
marker screw is to sho'v through floor coverings of linoleum • rubber, cork tile, or carpet/ 
the escutcheon as here showi: is to protect such floor coverings from fraying. 


PxG. 5.680.— National type A plug allowing application of plug remover wrench. 



Fic. S/681,— Natloiial duct embedded in concrete showing fMVhfbmied ptaeege throttSh tbfi 
eoncxete formed by plug when concrete was poured. 

Fid. 5/682,— National service ekteoaion eawmldy showing stopping collar nod 
to duet. 
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When duct outlet is to be used bx service, it is necessarjr 
to remove small amount of concrete from top depiesskm 
plug in order to use the plug removal wrench. 

Plug can be readily screwed from the duct ana concrete with i^hig renumd 
wrendi of which the socket end is shown in fig. 5,680. The removal the 
0ug leaves a neat pre-formed ^ssage through the concrete to duct outlet. 
The void in concrete around rim of duct is a catch-all for ihrt and small 
particles. Pig- 5,681 shows the outlet with plug removed. 'Fhe service exten- 
sion assembly as shown in fig. 5,682, directly engages the duct outlet with- 
out use of any form of adapter, insuring positive protective funding, as 
required in National Electrical Code. The stopping collar is sweat^ in 
(dace in manufacture, and serves as a gauge so t^t service exta:iaion pipe 
will always be turned into duct outlet to proper depth. 



5,S84.— National Mtrvioe eKtaiiBkm anemUy. It ia adjuatable to aoeonunodate Socf 
tWdtawrtwea appronmately 1 to 2 ina, above the duct. Tfae stopping collar is sweated in 
to insure proper depth engagement with duct outlet. Whm service pipe is screwed 
into outlet to shader engagement, a very tight joint iseffected. The floor flange ie ecrewed 
dtMTU to a besting on finished floor surface, further stabilising extension asmmbly. It is 
provided with holes for spanner wrench, so that by use of the wrench oonsiderabile pressure 
can te applied between floor flange and finislied floor, giving estra length to whole instafln- 
tiPn. Mking coUsr is jammed against floor ftenge by tumix^ it down With other end of 
spat^mench. BesklesactUagasaloclmutforfloorflanios, U hides WAnflcr wrench botes- 
the unused thiesds on ae«-vics extension Pipe. 
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When outlet is abandoned, the plug is screwed again into duct outlet, and 
an atumdoned outlet plate is pull^ tight over opening in floor material, by 
tightening marker screw into plug. The assembly is shown more in detail 
in fig. 5,683. 

Dnct Fittings. — Since the service extension assembly and 
service fittings frequently occupy positions under desks or in 
foot qjace, they are purposely designed to be kick proof. 



Pm. 5,686 md 6,686. — National service head shown assembled and disassembled. It is used 
etfter for h^ or low voltage from duct. The double T slot receptacle shown in fig. 6,686 
is for hiifo voltaae service. 



Pm. 6,687 and 6,688.— Natfooal fibre bushings for sendee fitting used hi plaos M doifoia T 
Slot for low voltage service. It prevents oootaet and abraskm between edgss of 

hsad ottdet and whe^. 
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They will stand any reasonable abuse in connection with expos^ position, 
Ribs at two ends of opening prevent desk occupant's feet injuring conneo 
tkm. Attachment plug is sufficiently protected so that the feet will not 
strike the plug itself, thereby eliminating interruptions to service* 

There are ntimerous patterns of elbows and offsets as shown 
in figs. 5,689 to 5,696 making it easy to change the direction 
of the duct in laying. 



Pros* 6,Saa to 6*6d6.-«National duct elbows wod oITtets. Fig. A* list door elbow; fig, % 
long pettem 90^ venksl well elbow; can be sawed in sectioos as in Sge. C to F, io meet 
gjtofoents; fig. O, short radius 90* vertical wall elbow; fig. H. cross under offset. 
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When an outlet is to be connected at the end of duct a fitting such as 
dioivm in fig. 5 JOO is used. Numerous miscellaneous fittings are shown in 
figs. 5,701 to 5,706. 

Flo<^ Junction Box.— The complete iinit onnprises the box 
proper and outlet assembly. The latter is shown in fig. 5,698. 

The assembly is installed flu^ with surfiice of finished concrete <x wood 
floors. When floor coverings are used, however, the brass ring is forced up, 
using novel arrangement of screws. Floor covering is then cut to fit axou^ 
brass ring, and it is replaced in position and drawn down flush with newly 
inspdled floOt* covering. Rim of brass ring holds floor covering down securely; 



flo. 6,697.- -Natkxuil standard junction box outlet assembly, for use with finished surfoce 
ooodte floors, or where floor coverings of linoleum, rubber tile, cork tile, or carpet ore 
lakl. llieaiiemblyisinatalledflush with surface of finished concrete or wood floors. When 
floor oomiw Bre used, however, the brass ring is forced up, using novel airangemeat ol 
acicwB. Floor covering is then cut to fit around brass ring, sod it is replaced in poeitkm 
and drawn down flu^ wiib newly inetalled floor covering. Rim of brass ring hoMa floor 
covering down securely, and rendm the box waterproof. 


and renders the bmc waterproof. An en^ unit consisting of a dcndiile box 
and outlet assemblies is shown in flg. 5,698. It is levelled by adjustinjg Ihe 
thiee long set screws, located around edge upon which the box rests!. 

Under How Duet Layout.— Floor plans, conditions and sw* 
vice reqtdreinents ate apt to vary so widely that but one genwtil 
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Pto. 5,098.— ^National 4 way fkKir junctkm bcnc. It U inrnaiitgf two bcnsaand twoaetaolcroia 
Ofm* in a one piece casting, one box and cross over to be used for high mltafe and tlie Otter 
bos and cross over to be used for low voltage. No communicatioii is tO be bad betwOen tbe 
btgh and low voltage boxes (in accordance with rules of the Code). AU openings A, receive 
laige duct intended for low voltage wiring. Openings B, receive small duct intenM for hif^ 
voltage wiring. Conduit openings C. receive conduit, nominally 1)^ inch for high and 
voltage service to system. The two outlet assemblies installed in the box are shown in detail 
in fig. 5,697. Unused duct openings m box should be closed with duct opening plug shown 
In fig. 5.699, and unused openings for conduit should be closed with conduit opening plug and 
adapter. 



010, 5»699.^Hatloiial type B plug. When adfosted It protr u des very sUglhlly aboee top 
fim of duct outlet. Tliia ehallow plug ie intended for use where duct ie In s t a lled under 
wood or marble, as it is inuiracticable to cut a number of holea in the undenrida di duoudb 
theee niaterials to fit over a type A plug protruding above level of epnciete dd; when the 
type B plug is uasd, holes need be cut only where duct outlet it to be used for Mtvtee. Other 
mitleti ate located by marker eciews, or by measwrement. 
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Ifm. 5,701 to 5»705.'--M]iodlatMoyt Natteal duct 
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rule can be laid down to govern all jobs in the matto* of 
layout. That is, the layout need not necessarily take care of 
all possible conditions, but may larovide only for all reasonal:^ 
probabilities, leaving improbable possibilities to be taken care of 

if they materialize. 

ExampUi* — An IS* 
foot bay would oem to 
require for 100% oover^ 
three runs of duct 
with 4 ft. 6 in. spacitig* 
but two runs, five feet 
from the wall and five 
feet frcmi the columns, 
will usually be sufficient 
to meet actual reqtfire* 
ments. The reason for 
this becomes afg^arent 
when it is oomndered 
that a single row of 
desks would almost 




surely be placed near 
the a second row 
in correspondix^ posi* 
tion near the columns 
and a third row, if 
needed, would have to 
be doubled with one of 
the other rows, the dou- 
ble row using a single 
run of duct. Smilarly 
a 30-f6ot space would 
seem to require five 
runs of duct whereas 
three runs will cover 
the probable service de- 
mands. 


ttm, 6,707 |o 6,700.— Nmtional duct saddle ■ui’Portr dkawembted and aaseasbled. A, he^t 
* adjtndmeiit nuta; S, saddle allpa into pleos when adhutinc nuts are looas; C, boas mawhess 
of saddle support are installed on floor as early as possible, to indicate lines of duct, thus 
woMSm intorfsianca of other trades* work; D, aeata in saddle lor duct are atamped ae* 
eumtoly, and hold ducts in proper mlation to each othsr, as weU at to the finished floor; 
8, tie wirss to ha twisted over top of ducts to hold thaw firaity in saddle. 
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Aside from the factor jtist mentioned, layouts will generally 
come under one of four classifications, governed by policy and 
specific conditions. 

1. General coverage of entire, net, usable flom* area. 

2. Full coverage of certain parts of floor area where de- 
mands for service will be greatest. 







IS 
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6»710.-^Exa]iiple of the luci of under floor duct for lervfoe around the outekfo wdla of a 
butlding where demand for tefephone and eignal eervice at leait, le apt to he heavteet. Thie 
plaogiveeoply a minimum of coverage but doee give fleaibUity. A further point of intareit 
la the me of double eiae duct for low uernkm wiim-'-aa aiamiiie of the adaptaldlity of the 
eyatem to varying eervice tequiieinenti. 


3. Under floor duct around the outer wall when service de- 
mands are concentrated there. This plan is in general ade- 
quate mily where space is definitely idanned in smaU units 
but is extrvmudy flexible and economic^ for such areas. 
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4. This class includes all special plans such as those for 
stoes or banking flocMrs where the layout definitely follows the 
equiianent plan. 

Another important factor is the number and location of 
h<»ne nm or feeder conduits or ducts. 



Fio. 5,7U. — ^Walker duct under floor installation so designed as to adequately coyer all usable 
areaa making provision for any and all requirfements for the life of the building. Double 
aiae ducrs are used at important feeder points of the telephone and signal duct system 
aUb-panel is led by a separate riser; cross run feeds are alternately for light current and 
low tension. 


In planning a round conduit system the rated capacity of a conduit may 
be utilized and in the case of a lighting current system the full capacity of 
each circuit available may be used. 

In the case of under floor ducts, however, every outlet utilized should be 
a ZQiarate circuit as for as the nearest junction box. Therefore* jimction 
boxes and heme runs should be soaced. as a rule* not more than thirty or 
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bxiy feet apart. If these hcxne runs feed more than two paraUd rum of 
uixto floor duct they should be somewhat mme frequent. 

This is particularly true of a lighting current system as the Code permits 
only ten No. 14 wires in any one run of under floor duct between junctioo 
boxes. Hence lighting home runs should not be expected, regardless of con- 
ductor capacity, to serve more than five possible outlets in each direction 
from each box served by that particular feeder. General practice has been 
to spaa; junction boxes from twenty to forty feet apart and provide feedcrr 
of 1 indi or inch pipe for each separate system Gighting, tetei^xme, low 
tension) at ea^ box or at every other box. If possi^ connectiom to low 
toision catrinets should be duct. 



l^G. S,712,— FuUimn adjutuble floor outlet. The box body le Shown out of level which li 
the ueuil condition. The adjueting ring ieiet level with the finiihed floor line. Notehowthe 
adjusting ring dipt into the groove deeper on the high side of the box body. When the cement 
in the groove of the box body hardens, the two parte are united just like a solid eastiilc. 
Tne cover {date is in alignment with the finished marble floor. The brass flange ring pmlseti 
the edge of marble floor from chipping upon repeated removal of cover plats. 
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TEST QUESTIONS 

1. Name two types of wiring systems for wiring under 

floors. 

2. Describe a typical under floor system. 

3. What name is given by the Code for under floor 

systems? 

, 41, Describe under floor duct. 

5. How is the duct installed? 

6. Describe two types of plug used. 

7 . What must be done when a duct outlet is to be used 

for service? 

8. Describe a surface extension. 

9. Name the various fittings used with duct. 

10. What kind of a fitting is used when an outlet is to be 

connected at the end of a duct? 

11. Describe an under floor junction box. 

12. Can any rules be given for making under floor layouts? 

13. Name four classes of layouts. 

14. Name an important factor to be considered in making 

a layout. 

15. What spacing should be given to Junction boxes? 

16. How many wires does the Code permit in a single 

duct? 

17. Must a layout necessarily take care of all possible 

conditions? 

18 . What are the features of under floor duct around outer 

wall arrangement? 

19. Describe some typical under floor duct installations. 
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20. What should be considered in planning a round conduU 

system? 

21. In under floor ducts should every outlet utilized have 

a separate circuit? 

22. What is a home run? 

23. How many outlets should be served by a lighting hortu 

run? 
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CHAPTER 113 

Wiring Under Piaster 

For wiring under plaster extensions, the Code specifies that 
such extensions shall be run in rigid or flexible conduit, armored 
ealde, metal mouldings, or electrical metallic tubing of approved 
stoned types. 


V 


Fto. 5^713. — ^National ^*Ovalduct** Hat under plaster raceway, it canaiata oi a wdded rigid 
tube, with an oval cross section 13 /32 inch high x 31 /32 inch wide, shallow enough ao that 
it can be embedded in. and completely covered by plaster of ordinary thickness, when 
fastened directly to fireproof under body of concrete, tile or brick. Ov^uct is faraished 
la ten foot lengths, ten lengths to a bun^e. 

For under plaster work the various forms of flexible conduit are made 
flat or oval shaped so that when installed, the conduit will not project 
outside the surface of the plaster. National “Ovalduct" is an example of 
under plaster flat raceway. Its general appearance is shown in fig. 5,713. 

For installations where close bends are required, such as 
dropiE^ under exposed ceiling beams, or passing around pro- 
jecting columns, on walls, and for fisjied work, a flexible cx 
armored flat cable as shown in figs. 5,714 and 5,715 is used. 
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It is recommended that three wire flat conduit or cable be used instead 
of the two wire, because in many instances the third wire is reqtdred for 
switch control. When the two wire conduit or cable is used, it is necessary 
to install an extra run to carry the third wire when that wire is required. 

Fittings and Outiet Boxes. — ^Flat ra(xway devices and fit- 
tings include a switch box inches deep, round outlet bcoes 
% inch deep, a sleeve coupling for joining two lengths of 
raceway or an elbow to raceway, a 45® flat elbow, a 90® ver- 
tical elbow, fastenings, and connectors which make it possible 
to extend flat raceway from any other type of raceway or 
wiring system. 




I^s. 5,714 9 nd 5,715.— Flat armored cable fnr under plaster work. Madm with three 000- 
doctors in staet 14 and 12; also with two conductors in siaes 14, 12 and 10. 



Tic. 5,716,-— Nstioosl sQneeae type ooupUot, Pic. 5,717.— Natlooal SO* elbow. 
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For joining lengths of flat raceway a coui^ng which slides over the race- 
way end is as shown in hg. 5,716. It makes a secure grounded ocainec- 
tion when screws at sides are tightened. Joins two elbows, or raceway and 
one elbow in the same manner. 

1^. 5,717 shows a 90^ elbow used for both external and internal angles. 
It is johi^ to the raceway or to a second elbow by the coupling shown in 
fig. 5,716. It also fits into coimectors. 

The 45*" flat elbow shown in fig. 5,718 is also joined to the raceway or to 
a second elbow by the coupling. 

The type outlet box used is similar to the ordinary box 
with exception that it is made shallow and has oval inst^ of 
round knockouts in the side, so sloped to fit the oval raceway 
or cable. 

Fig. 5,719, shows a typical box. 



Fio. 6,71&.^Natioiial 45** flat elbow. 



Fm. 6,719.— Shallow cnitlet box for cvai osiditit or oval aimoiad cable. Froportlaiia, > 
IncibeeeooveraU, H fixture atud which ia part of the box. Fbur HlO^kliQCltoiihi 

la bottom and six oval knodi outa in side apacad at 4S**. Covar lagi and aoawa will ttkm 
etanc'rrd 4 inch rnuod covers. U«e oval connector. 
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Numerous types of oonnecton are diown in figa. 5,720 to 5,723. 

CiMBdiiit Riser. — ^The most important unit of permanent 
conduit installation used in conjunction with easily changed 
telling and wall under plaster extensions of oval raceway or 
oval cable, is the conduit riser. 



B 


C 


D 


fKM. 5,720 to 5,723. — NatioBal < ctort. A, straight boa connector, set screw type; Bg 
ci^ tM» connector, set screw tFoe;C« connector for metal moulding hoses; D, stialgbt boa 
connector, squeeae tyne. 





This oofigists of cxmduit ttuiied up from nin in fkx>r fUl, into a conveni^^ 
outlet 12 inches up the side wall ot column, conduit extended thence tq> wall 
into permanent switch outlet located at usual height of 4 feet from floor, 
and thence extended further up wall, terminating in junction or puU 
near ceiling, as shown in flg. 5,728. 
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When riser is used with oval raceway extensions, a 90 ° ver- 
tical elbow is run into a knockout in ui^iermost wall of pttll 
box with a connector which pomits elb^ to pivot. 

This allows oval raceway ceiling extension to run in a straight line from 
the elbow to location of the nearest outlet. When a riser is used for oval 
flexible cable ceiling extensions, space above pull box being open for reasons 
stated, oval cable ceiling extensions are start^ directly fim box connector 
inserted in top wall of pull box. 




V^ios. 5,724 to 5,726. — National faateningi. Fig. 5,724, two hole fastening strap; fig. 5,725, 
two lK>le strap; fig, 5,726, wire toggle. The wire toggle is for fastening all sises of oval 
armored cable to metal lath or tile . Insert toggle through hole, spread wire around the cable 
and twist with pliers. Twist wires at one side of cable to keep ends within plaster thickness. 



Pig. 5,727. — ^National 90* angle box connector. Will take oval raceway and dhows into 
Hin. conduit knockouts or when used with pipe coupling, connects oval raceway and elbows 
direct to H in. conduit. 

NOTE . — it <s recommended that two conduit risers of the same kind as the one described, 
be installed diagonally from each other, in each bay of the office space under conaideratton. 
This avoids crossing oval raceway or oval flexible cable under dropped beams in ceilings, and 
locates permanent riser switch outlets and convenience .outlets, so that the minimum ntimbei 
o^ extenaioni will have to be made, when partItioDS required by the tenant layout divide the 
space. Conduit risers should be located at points on walla or columns where dividing partitiona 
are notlikely tonin vertically up wall with them, as this immediately renders permanent switch 
outlet and convenience outlet useless, and necessitates installation of extensions which might 
not have been n e eded had poeitkaie of risers been choeei# more carefully. 
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OVAUOUCT'^ 


OUTLET BOX 


Ceiling and Sde Wall Exten- 
rioiw. — Ceiling extensions have for 
their starting point the 90*’ elbow 
fastened in ceiling junction box 
which terminates conduit riser 
^own in fig. 5,728. 


1. To give some general lighting 
arrangement for bay; 


OVALDUCT 

JUNCTION 

BOX 


Side wall extension of raceway can be 
run out of knockout in vertical side of 
any box of ccnduit riser, by cutting away 
under plaster material in loi^ slant to> 
ward back of box, and offsetting raceway 
fatwise into angle so formed with the 
wall stirtace. Initial lighting extensions 
are run with raceway from conduit riser 
or risers in each bay, before any plaster- 
ing is done. 

Although it is possible^ these first 
outlets may have to be changed 
when tenant layout for the bay is 
obtained, their installation is nec- 


cor^iT 


SWITCH 

OUTLET 


^ IN. CON 



CONVENIENCE 

RECEPTACLE"^ 

OUTLET 

CONDUIT, 




Tio, 5,728.-<^CQiidiiit riier or otordag point of imdor pbwtor wiring 




Fig* B,729.'-*Metliod of channeling plaster gmve for oval raceway or oval armored cable 
This operation is performed with a cold chisel and hammer, the chsaiDel limit front being 
marked as seen at the right. 


lasting extei^ons, there \vill be ample plaster in which to 
embed the duct. 

It should be noted, that when making any raceway or cable extensKMU. 
after plastering has been oomideted, only the plaster neM be grooved. After 
duct has been laid in plaster groove, a little plaster is suffideot to 

cover it and lestne original smoothness of ceiling. 
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For either oval raceway or oval flexible cable extensions, a 90^ angle 
connector may be inserted in box knockout, and the raceway or cable exten- 
aons started from it. Two wire oval cable will require a smaller sixe oon* 
nector of this type than the one suitable for both oval raceway and three 
wire oval flexible cable. 



Fk 3. 5,730. — ^Method of fastening oval raceway with straps in channel cut in plaster. Tht 
iOustfatioii rikowB the end of the raceway join^ to a switch box with a connector. 


After installing the raceway, a fish cable is used in pulling in the con- 
ductors. Fig. 5,732 shows the operation of inserting the fiah cable in the 
laoeway and fig. 5,733, detail of fish cable. 

Instead of using elbows, turns are frequently made by bend 
tng the raceway as shown in fig. 5,734. 
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If the bending be carefully done, the raceway will not be distorted. 
While it is possible to bend the raceway flatwise, this requires wpecM tools 
and equipment, in order to retain proper cross sectional dimenmons, hmt 
the pracdce is not recommended for ^e field. Because of the oomplicatKi 
method whidi must be followed, the manufactured flat elbow as shown in 
1^. 5,718 is generally used for flat bends. 



Fio. 5,731. — ^Method of fastening oval raceway with wire toggle to lath. 


NOTE.^rae thieknma o/pfdeferandof lath and platter in installing under plaater wiring 
•hoiild first be determined. Formerly the thickneae of plaster and lath waa about 1 inch, but 
the practice now is to cut the thickness down as much as possible and in some cases of un- 
•crupuloua contractors it requires a stretch of the imagination to regard it aa plastering. Ac- 
cordingly, before attempting to install under plaster wiring the thickness of tho plaster should 
be determined. To install und^ plaster wiring, the plaster is first channeled out from conduit 
outlet to end of the egtensioo. Fig. 5,729 ehowa this operation. After the channel Is 
comptetad fimn the riser outlet box to the end of the esteneion , the raceway ie fastened in the 
/hannel with straps as shown in fig. 5,730. For a ceiling eaiension the raceway it fastened with 
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Fig. 5^733. — NaLional fish cable uaed for pulling in conductors in oval raceway. It conaiiCa 
o/ stranded cable of piano wire enclosed in outside helix of the same material; ends of both 
stranded cable and outside helix are fastened securely into heads, or eyes at each end. It is 
tested to 350 lbs, puU. When it is pushed through raceway, wires can be attached to ape* 
cially shaped head, or eye, at either end, and pulled through raceway, without use of usual 
cord. This cable is made flexible eno^ to fish through 5 elbows. Attach condueioia 
directly to end eye of cable. 


a who toii^ at in fig. 6,731. Thia toggle k ihown in detail hi fig. 5,726. The eMtenakn hi 
fig. 5,731 pusses through a partition and k Joined at its end to an outlet boa, ae seen thmik 
> tlie traneom . Thk box k inch deep and He edges should be flush with the wntae pf Ihe 
Plar*f^ 
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Fio. 5,734.— -Method of bending flat raceway edgewiae between groov^ blodEi. Two wood 
bloclEi are secured toatepladder or workbench, with grooved ei^a adjacent, to hold raceway 
during bending operation. They are mounted with aufiicienfc apace between to allow for in- 
sertion of raceway from the aide, which eliminates awkwiurd operation of alidtng raceway 
lengthwiae through groove. After the raceway haa been inserted in groove between blocka. 
it can be bent to any deaired radius and degree of angle at any point in the length, by ex- 
erting downward pressure on it in short hUckas, 



Ihm. 8,736.— Method of faatening flat armoDed cable in plaster giooae on concrete oalling. 
Note oomiectlon of the cable *vith outlet box. 
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WuQo 5,738.— Ovml cable run behind baseboard. 



VM, 8.738.— Oral cable droliiic round oolunm behind baseboard. 
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' Ibider Piaster Extensions with Flat Armored Cable. — ^Tfak 
flat cable, shown in figs. 5,714 and 5,715 is very flexible and 
>is embedded in plaster in the same manner as described for 
flat raceways. It renders lighting installations subject to easy 
change for tenant requirements. Same shallow fittings are 
used, excepting a few items, and are interchangeable for both 
wiring materials. 



Fig, 5,740. — Outlet box at end of ccMiduit riser, showing connection with oval raceway tf 
I of a connector, elbow and coupling. 

In conjunction with conduit riser shown in hg. 5.728 ceiling exienaons 
of oval cable in office bay are started from straight or 90^ angle connector 
inserted in top knockout of riser ceiling junction box. Side wall extensions 
of oval cable can be started from side knockouts of any riser box by cutting 
away enough concrete or tile at side of box. to allow room for oval cable to 
be bent into a straight box connector fastened in a side knock out of box. 

Two applications of oval cable are shown in figs. 5.736 and 5,737, which 
avoids bending or use of fittings as would be necessary with raceway wiring. 

In the operations shown in figs. 5.738 and 5.739 it is seen how much time 
iS saved due to the flexible cables. Wire toggles may be used to* toteni^ 
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FkOft. 6.741 and 5,742.<— Conaectiaa of extenaaoa branch to eztenakm run of raceway with our 
let boK^ alao method of fastening the bos on tile with toggle bolt. ^ 
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IfXG. 5,744.— lighting outleu nerved from the same junction bos. 

Fio, 5,745. — Oval laoeway ceiling extenaion connected diiectly to conduit tker. 
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Number el Conductors in a Box. 
Deep Boxes 


Box Dimensions Maximum Number of Conductors 
Trade Size No. 14 No. 12 No. 10 No. S 


X 3)4 octagonal. . 

5 

5 

4 

0 

1^ X 4 octagonal 

8 

7 

6 

5 

1^x4 square 

11 

9 

7 

6 

1^x4 li/16 square . 

16 

12 

10 

8 

2H X 4 11/16 square . 

20 

16 

12 

10 

1% x2% x2 

5 

4 

4 


I%x294x2)6 

6 

6 

5 


l%x294xS 

7 

7 

6 




exteiia^ for Ovalduct. 4 in. diameter* H in. deep over all, ^ 
oval knock oats in tide apeced at 45*. WUIfitany4in.octasonornmndbo*andit|SWlded 
with four taneiiing Inga to pemit turning the ring in line with Ovalduet nme« Cover Uxp 
and icrewi will take atandard 4 in. found covm. 
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TEST QUESTI(»JS 

1. What are the Code requirements for wiring under 

plaster! 

2. What form of conduit is used for under plaster work? 

3. What should be used for close bends? 

4. What kind of fittings are used? 

5. Describe the squeeze type coupling. 

6. Describe the kind of outlet box used for oval armored 

cable. 

7. Describe a conduit riser. 

8. What kind of a fitting should be used when riser is used 

with oval raceway extensions? 

9. WKen should two corvduit risers be used? 

10. Give the method of channeling plaster grooves for oval 

raceway. 

11. How is the raceway fastened in the groove cut in the 

plaster 

12. Give the method of inserting fish cable in raceway. 

13. How is flat raceway bent edgewise? 

14. What is the method of fastening flat armored cable in 

plaster^ 

15. What kind of fittings are used for under plaster ex-' 

tensions with flat armored cable? 

16. Describe the method of connecting an outlet box at 

end of conduit riser. 

17. What is the method of fastening an outlet box on tile? 

18. How is an offset made with oval raceway? 

19. Give sketch showing two lighting outlets connected to 

the same junction box. 
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20 . Make layout showing oval raceway ceiling extension 

connected direct to conduit riser. 

21 . How is a switch box for oval armored cable instaUedJ 

22 . M ake a sketch showing oval cable run behind baseboard. 

23 . How is oval cable run behind picture mouldings when 

there are sharp bends? 
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CHAPTER 114 

Remote Control Wiring 

A comparatively recent method of residential electric vdring 
system known as remote control wiring has been introduced by 
the General Electric Company. 

With reference to figs. 1 to 4', showing typical circuits, the 
heart of the system is a single*pole, single-throw, double-coil 
relay, which coil is operated from a low voltage source as 
indicated. 



Essoitially, low voltage residential control switching pro- 
vides fm* turning lights and appliances on and off remotdy 
dther within a house, its surroundings grounds, or other build- 
ings on the property. 
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The remote control house wiring system provides the same 
advantages, economies, and ease which characterize the use of 
magnetic controllers for motors whereby large blocks of power 
may be remotely controlled by closing or opening the circuit 
of the contactor coil. 


TO 125 VOLTS 
SOURCE 



SWITCHES 


Fic. 2.— -Schematk diagram of remote control wiring dicuit abowing one relay controlled 
lioai eitb *** one of two push-button stations. 


lu avuRbt 



Fto. 3.-~‘SdieiBatic diagram showing a number of relays contiolled from a single pusthbiaton 
station. 
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In meeting the applicable requirements of the NoHmoI Beetrical Code 
and the Standards of Underwriters' LaboraiorieSt Inc.t use has been made of 
low volta^ control circuits with the economies in wiring cost a*v j ad d e d 
safety which are afforded by the use of low voltage. 


TO 125 VOLTS 



Pig. 4. — Pictorial wiring diagram illustrating one relay controlled from any one of three 
puslHbutton stations. 


Relay Unit. — The fundamental item of this remote control 
wiring sdieme is a single pole, single throw, double coil relay, 
illustrated in figs. 5 and 6. 

The relay contacts are operated by momentarily energizing 
either the opening or the closing coils. The contacts remain 
latched in either the opening or closed position with no furth^ 
ai^lication of omtrol power. 

The coils are designed for low voltage operation from a 
standard ronote control power supply. The relay is unusual 
with respect to its mounting arrangement in that three require- 
ments are met by a angle design feature. As will be obsi^ed 
in %5. 5 and 6, the opoating coils and magnetic structure are 
oiclosed in a metal barrel on which is moimted an insulating 
duunber, housing the contact structure and the detoit action. 
This de^n provides the following features: 
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1« The relay is mounted by inserting the metal barrel through a one- 
half inch knockout in a standard outlet box or other metal enck)aure. 
Spring actuated dogs hold the relay in position when installed. 


12S-277yOLT LEADS 



24 VOLT LEADS 


Pigs. 5 and 6.— Showing contact arrangement and operating mechanism of remote-control 
relay. 


2. When installed as indicated in hg. 7, the necessary physical separa- 
tion of the power circuit and the control circuits as requir^ by the National 
Electrical Code is automatically established with the power circuits confined 
in the metal enclosure of the raceway, and the control circuit isolated by 
being on the outside. The same result is obtained when the relays are 
mounted in one-half inch knockouts or holes in metal barriers in appropri- 
ate nietri cabinets which have both high and low voltage requirements. 

3. Equipped with flexible leads, the relays can be easily removed for 
inspection, maintenance or reconnection. 
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Relay Contact Strnctnre and Detent Mechanism^ — ^The 
contact structure and detent mechanism is an adaptation of a 
standard precision snap-acting switch design selected tor 
tremely long mechanical life. The contacts are of silver and 
are rated 15 amperes at 125 volts a.c., 5 amperes at 277 volts 
a.c.; one-third hp. at 125 volts a.c. 


TO 125 VOLTS 
SOURCE 



FiC. 7.-7'lllii8tniting remole -control relay mounted in outlet box. 


The 15-ampere 125- volt, a.c. rating is approved for tungsten 
filament lamp loads. At both the 15-ampere 125-volt u.c. 
and 5-ampere 277-volt a.c. ratings, the relay will handle its 
rated current of fluorescent lamp ballasts, the 50 per cent cur- 
rent derating factor for inductively-loaded snap switches does 
not apply. 

Power Control Source. — Control power for the remote con- 
trol wiring syston is in accordance with the requirements of 
Article 725 of The National Electrical Code. Under these 
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relations, a remote control or signal circuit system in wUkdi 
the potential is limited to 24 volts and the maximum current 
limited to three amperes is excluded from compliance with 
many of the requirements for standard branch circuit wiring 
used at normal utilization potentials. 



Fxc. 8. — Typical high- reactance 125/24,volt (ranaformer, uaed in renxite-contro} yriringtyttem. 


The power source is a 125/24- volt, high-reactance trans- 
formo* listed by the Underwriter’s Laboratories^ Inc., for this 
service. This transformer, shown in fig. 8, may be 6h(»t> 
circuited continuously at its 24-volt terminals without ex- 
ceeding its rated temperature rise, and the short-circuit current 
is within the limits required in the National Electrical Cade. 

The low voltage wiring is not required to be in conduit or to be a listed 
raceway material, sudt as armored cable, it is only required that it be i^ysi-' 
caOy separated from the power wiring, unless insulated tor the full voltage 
of the power conductors. 




Pio. 11 .-^Exterior view of control relay. This relay is actuaUly a two-coil solenoid operated 
switcht in that when a coil is energized by pushing the switch on-off button, the solenoid 
plunger moves, opening or closing the 125* volt circuit. The 125-voit solenoid ooDlacts 
atre held open or closed unless moved by solenoid action. 


An ingenious use of ribbing on the conductors serves as identification. 
The wire is suitable for all interior or dry locations and may be installed in 
raceways when desired, 

A similar wire with Hi inch insulation of Neoprene Is used for direct 
earth burial or for any out of door or exposed locations. * When installed 

I — - 
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Control Switches. — ^Because either of the two coils of the 
relay, fig. 11, requires only momentary application of energy 
for operation, the minimum control unit for one relay is a 
single-pole, double-throw momentary contact switch or pu^ 
button. 



Figs. 12 to 16. — Illustrating one-« two-, and three-gang wall plates and tour vottage 
mounted and surtace-mounted switches for controlling relays. 
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Figs. 12 to 16 ^ows the several forms in which such a switch 
is available for the remote control system. Because these 
control units are used in the 24-volt circuit, they are excluded 
from compliance with many of the requironents that are ap- 
plicable to conventional snap switches in lighting circuits. 

\ 

The basic unit made up of the operating button, the contact 
structure, the necessary terminals, and mounting brackets, is 
used in several different assemblies for various' applications. 

In one form, it is a surfaced-mounted unit, suitable for 
mounting on either insulating or conducting surfaces. It can 
be used on metal door frames or metal desks, directly on all 
types of walls or interior building surfaces, and will accom- 
modate both exposed and concealed wiring. 

The same basic unit is available for mounting in conventional switch 
boxes in single, double or triple units. For flush mounting, the switch 
element can be supported by any of a variety of brackets because the enclo- 
sure provided by boxes is not a requirement. The use of aswitch box, how- 
ever, is a practice well known to electricians and, because boxes are rela- 
tively inexpensive, this is a popular method of installation. 


Master Selector Switch. — One of the advantages of remote 
control is the ease with which multipoint switching may be 
obtained . This advantage facilitates the collection of a number 
of switches at one point, a condition which has been recognized 
in the design of the master selector switch shown in figs. 17 and 
18. Here the master switch provides means for operating each 
relay independently or ftH* operating a maximum of nine relays 
in one operation. This latter switch is designed for flush 
mounting and is essentially a transfer switch serving to connect 
in sequence a regular control switch into the circuit of each 
relay to be op^ted. 
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Operational Features. — ^The various system components 
taken together in a great variety of combinations, CQn^>rise the 
application theory of the remote control system. To under- 
^nd why this system is used and its advantages over cod .- 
ventional wiring methods, the following points should be 
considered: 




FM, 17 mud 18. — Showing front and rear view of typical matter eele^tor switch. 


1. In the remote control systm the power wiring does not run to the 
control locaticm as with conventional switches where all of the controlled 
energy has to dow through eadi switch location. 
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2 . The relay can be located at the lighting outlet, or at any point selected , 
to reduce the length of the power wiring to straight runs tom the panel 
board to the fixtures. 

3. Multi-point control is obtained by simply connecting additional 
single-pole^ double-throw control switches in multiple. There is no limit 
to the number of switches which can be used to control a single relay. 

4. Since the relays require only momentary energizing for their operation . 
a single transformer is sufficient to supply control power for a large instal- 
lation. 

5. As many as four relays, their coils wired in multiple, can be operated 
simultaneously from a single control switch. This characteristic of the 
remote control system which permits control of loads in separate branch 
circuits is not available in conventional systems. 

6. Positive identification of the switching operation is obtained because 
the same side of each switch always means on and the other side off. In 
conventional three-way and four- way installations, the switdh trigger is not 
significant, and hence conventional switches are non-indicating. 

7. Relays can be controlled from distances a;? remote as 1 ,500 feet a con- 
dition not generally practical with standard wiring because of voltage drop. 

8. The use of 24 watts in the control circuit is a safety factor. This is of 
great importance in the use of elevated distribution voltage for flourescent 
lighting, 

9. Remodeling, relocation of partitions, and rewiring generally are 
simplified by using the remote control low-voltage switching components. 

10. Controls are small in size and their shallow depth aids in installation 
in thin partitions. 

11. The circuits are simple and no more complete electrical layout is 
required by the contractor than with a conventional system. 

12. The 277-volt, five-ampere rating permits the relay to be used in 
480Y /277-volt distribution for flourescent lighting. 

13. The installed cost of the remote control system is comparable to 
systems using conventional material. 

14. The simple master switch provides a new concept in lighting control, 
the application of which is limited only by the ingenuity of the ei^gineer or 
architect. 

15. The components in their simptest form are usable in frame construc- 
tion and surface wiring. In fire resistant constructicm, mnular econofmes 
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are available, because there are savings in conduit, building wire, labcn*, 
and maintena^pe. With proper fittings, the system can be used out ojf 
doors and even in hazardous locations. 


TO SOURCE TO SOURCE AND DEVICES 



Fig. 19. — Wiring diagram showing method of transformer connection for two or more branch 
drcuita. 



Pig. 20.>-WirtnS diagram illustrating how a group of lamps may be controlled from either 
one of two push'button stations. 
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16. This system is completely compatible with conventional systems* 
and either one can be used to complement the other. 

17. The economies in the use of remote control increase as the use of 
multi-point control increases. 

18. In addition to the saving and obvious advantages of this system* 
architects, contractors, and builders have used it as a new sales feature, 
which has been sought for many years to direct attention to the need for 
good wiring. 

19. Although the remote control relay is not intended to serve the func- 
tions of either manual or magnetic motor control, it is a much more satis- 
factory control device for those equipments, such as attic ventilators which 
heretofore have been operated from motor snap switches. 

20. All of the components are designed for use in combination* with 
existing standard wiring materials in agreement with applicable Codes and 
Ordinances. These new components are marketed through existing distri- 
bution and sales channels, a feature which has been lacking in the promo- 
tion of many otherwise splendid developments in the construction matermls 
field. 



Fig. 21. — Wiring diagram illustrating how two groups of lamps may be controlled from ^ 
single push-button. 


Applications. — To illustrate the use of the remote control 
wiring system, only a brief mention need be made of its use in 
industrial occupancies. The use of protective lighting is so 
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well established in industrial areas that its use in private tomes 
is wOTthy of consideration. 

With a remote control master switch at the bedside, it is a 
simple matter to illuminate the house, including porches and 
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garage, whenever it is believed that intruders are about. To 
the housewife who may be alone at night, this is particularly 
comforting. 



lElATS 
C TNIONII J 
ROT SMRN 




Fig. 23. — Illustrating typical wiring mcihcxi for master selector switch. With the tnasten’ 
selector switch it is possible to control any one of nine circuits independently or for operating 
all circuits simultancour.ly. To control individual circuits, it is only necessary to turn 
selector switch to circuit desired, then press control switch for on or off as desired. To 
control all circuits, prt'ss control switch for on or off^ while turning selector switch through 
full sweep of all nine positions. 



Pio. 24,^Retnot€ control wiripg hook-up shewing oonnections to master selector awitdh 
with lock-out circuit. 
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It is likewise desirable to be able to walk into a fully-lighted 
house by having master switches in the garage and at the 
entrance to the house. 

Vfith this availability of multi-point control, it is now a 
simple matter to locate switches at each doorway in every room 
so that there may be a pathway of light in every room through- 
out the house. 

Many special applications have been made to attic ventilators, to a 
bathroom heater circuit controlled from the bedside, to the radio outlet from 
Uie telephone location, to the front door or garage light from the kitchen 
and to countless other uses that may suggest themselves. 

Farm Use . — To all the applications which may be made in 
the home, many more are added on the farm and in the farm 
home. On most modem electrified farms, a yard light on a 
central pole is the fanner’s own street-lighting system. 

With remote control, he can turn his lights on and off from 
the farmhouse, from his bedside, from the bam, or from any 
building on the farm, and even from the gate at the highway. 
The bam lighting can be controlled from each entrance to the 
bam and from the farmhouse. 

Industrial Use . — In industry generally the applications are 
limited only by the extent to which controlled light is desired. 
With remote control, it is possible to set up selected lights for 
watchman’s circuits and to control these circuits from the 
different entrances by which the watchman enters and leaves 
the area. Stockroom lights, always left on, can now be con- 
trolled from the stock-keeper’s desk. 

Protective yard lighting and general purpose yard lighting 
can now be controlled from the guard office or other central 
location, a valuable feature in bad weather. 
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A few strategically located master switches for turning off 
all lights in any kind of factory or business establishment is 
assiurance that these lights will be turned off at closing time. 

Similarly, for hospitals, schools, theatres, motor courts, bowling alleys, 
super-markets, athletic arenas, illuminated signs, and on through the entire 
use of electric lighting these applications are multiplied. 

Office Use . — ^The most recent and probably the most spectac- 
ular application of the system is to office building lighting. 
The economies of 480Y /277-volt distribution for power and 
light are well established but have been blocked by the lack of 
a suitable switch for controlling the small amount of power 
required for lighting individual offices. 



Fig, 25. — lUustratit^ method of lamp control in a high voltage distribution system. Here 
high voltage lighting circuits are incorporated in a 480Y/277-volt, thtee-phaae. lour- wire 
distribution system in which motors are connected at 420 volts line-to-line and fluoreacent 
lamps at 277 volts line to neutral. 
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The key that opens the door to the use of higher potentials 
in office distribution systems is the remote control relay with 
its 5-ampere 277-volt rating. 



Fig. 26.<— Showing transformer connections and remote control wiring in typical power dis- 
tiibtttion system. 

Conventional snap switches have a maximum rating of 250 
volts. Switches rated 251-600 vcdts are too large and costly 
icr general office use, and magnetic or manual motor controll^ 
are similarly not suitable. 

The industry’s objection generally to the 480Y/277-v<dt 
s^tem has been the hazard of higher voltage. Now with 
remote control, the lights are safely controlled from 24-vdit 
switches. 
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Installation Procedure 

The installation of electrical wiring and equipment shall 
conform with the requirements of the National Electrical Code, 
existing Municipal and State Codes or regulations applicable 
to the work, and requirements of the local utility company 
concerned. 

All materials used shall be listed by the Undermiter's 
Laboratories, Inc., as conforming to its standard in every case 
where such standard has been established for the particular 
type of material in question. 

Locating Relays. — The method of locating relays usually 
d^nds upon the size of the installation; that is, the numb^ 
of relays required. 

One method is to mount each relay through the outlet box 
at the fixture or outlet to be controlled. This may be called 
the outlet mounted relay method. 

Another method is to group relays in gangs and mount them 
in centrally-located pull boxes. This may be called the gang 
mounted relay meth<^. In large installations, such as shown 
in fig. 27, several of these pull boxes may be used. 

The outlet mounted relay method shows greater economy, 
while the gang mounted relay method is easier to install and 
service, and provides an absolutely silent system. 

A third method that is gaining in popularity and promises to 
beccnne the standard method of installation is a compromise 
of the foregoing methods having the advantages of both. It 
may be called the zone grouped relay method. It consists of 
Imping several relays in a standard square outlet or small 
piiUrbox to take care of the relay requiremoita fca: a zone or 
fflioaUarea. 
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Fic. 27. — Showlitg typical pull box installation (with covers removed) located in atilt bl 
building or residence. This popular “gang-mounted relay“ method provides for a division 
of voltages in a low-high voltage compartment, which not only facilitates circuit ehedung* 
but also gives the installation a neat and workmanlike appearance. This wiring meihi^ 
also affords flexibility, since additional pull boxes may be installed at any time without 
disti'«^biru£ the existing circuits. 
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Outlet Boxes. — ^Before making any take-(^, it is important 
to condder the following: For the zone-grouped relay method, 
select several controlled outlets from the wiring layout (usually 
not more than four) that are in the same area. Use this area 
or zone for the location of a standard square outlet or pull-box 
to mount the relays required. Break down the remainder of 
the wiring layout into smaller zones as conditions require. 

Now fasten the square or pull-boxes in convenient locations 
in each zone so as to minimize the power line runs from the 
box to the outlets to be controlled. In ranch type houses the 
outlet or pull-boxes for ceiling or wall fixtures can be mounted 
in the attic. Obviously, each square or pull-box acts as a 
local distribution point for the associated outlets which must 
be on the same branch circuit. 

For the gang-mounted relay method one pull-box will be 
suffigient in most residential installations. Where many 
outlets are required additional pull-boxes may be required. 
Many prefer to use two or three smaller boxes to reduce the 
power line runs. 

A partition can be mounted in the pull box dividing it into a low and 
high voltage compartment with the relays mounted in the partition. Some 
prefer to mount a small pull-box inside a larger one and mount the relays 
with the low-voltage end inside the smaller box, while others prefer to 
mount the relays in the one-half-inch knock-outs in the side of the pull-box. 


Relays Required. — In the take-off, one rday is required for 
each circuit consisting of one or more outlets that are controlled 
from the same switch or group of switches. For example, 
only one relay is required for several living room wall outlets 
all controlled from one or more switch locations. Where one 
switch or group of switches, controls outlets on more than one 
l»anch circuit, then one rday must be used for each branch 
circuit. Also where the total power requirements are in excess 
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of relay ratii^, the outlets can be divided, using two or 
three relays to handle the divided load. 

Mounting of Switches. — Switches can be mounted on boxes 
or box covers without the use of boxes by means of a special 
mounting strap furnished with the wall plate. 



Fig. 28. — ^Showing method of remodeling existing wiring to furnish additional lamp control 
switches. Standard single gang switches can be replaced in this manner by one, two or 
three remote control switches and mounted to the sectional switch box by means of special 
mounting strap fumisbed with each remote control wall plate. 


Ihe master selector switch can be used in place of many 
individual switches that must be mounted at one locatiim, 
or for master control of important lights and outlets from om 
or more points. The most usual location for this master and 
selector switch is the master bedroom. Many use a second 
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master switch at the entry point of a home to permit contitd 
of lights upon tiering and leaving. The master selector 
switch can be wired so as to turn on one or more lights while 
turning off all others, simply by reversing the ribbed and un- 
ribbed conductors to those relays. 

The rotary selector switch is designed to operate no mOTe 
ttuui nine relays independently. If more than one relay is 
connected to the same terminals of this rotary switch, then all 
the relasrs so connected will be locked together so that they all 
go on or off in unison. They cannot operate independently 
even though each relay may be wired to separate independent 
switches elsewhere. I*ressing one independent switch will 
turn on or off all the relays so locked tc^ether. However, 
sometimes it is desirable to connect two or three relays to the 
same point on the master switch when two or more outlets on 
different branch circuits must be controlled in unison such as 
for stairwell lighting, or where more than one relay is tised to 
handle a divided load. 

Transformer Location. — ^When using the gang-mounted relay 
wiring method, it is best to locate the transformer close to one 
of the pull boxes. In the outlet mounted relay method the 
transformer is usually located in either the attic or basement 
in a central location. 

Only one transformer is required for the average residence. 
For farms, commercial establishments, schools, hospitals and 
comparable installations, additional transformers are usually 
required. 

Wire Identification.— Although it is possible to proceed with 
the installation without any prescribed procedure or system of 
wire identification, it is strongly recommended that a system 
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be established and carefully followed. To speed the installa- 
tion, to reduce possible damage to installed equipment, and to 
minimize the chances of making the wrong connections which 
would result in incorrect operation of the relays (»r master 
selector switches, the procedure as outlined should be carefully 
followed in the order prescribed and the following proven wire 
identification system should be used: 

1. The house plan should be split into zones. 

2. Use two-conductor wire for all transformer runs. 

3. Connect the ribbed conductors of all wires that go to the various zones 
to the same terminal on the transformer (this is very important when master 
selector switches are used). 

4. Connect the ribbed conductors of transformer wires to the white leads, 
or terminal No. 1, on the relays. The unidentified conductors are spliced 
to the center conductors of the wires from individual remote-control 
switches. 

5. Use three-conductor wire for ail runs from individual switches to the 
relays they are to control. 

6. Connect the ribbed conductors to the No. 2 binding screws of the 
switches, the center conductors to the center terminals of the switches, and 
the unribbed outside conductors to the No. 3 binding screws of the switches. 

7. Connect the ribbed conductors to the red leads, or terminals No. 2 
on the relays, connect the center conductors to the unribbed conductors of 
the transformer wires, and connect the unribbed outside conductors to the 
black leads, or terminals No. 3 on the relays. 

8. Use two-conductor wire for all runs from master selector switches to 
relays. (Note: Only one relay can be individually controlled by each posi- 
tion of the master selector switch.) 

9. Solder-ribbed conductors to left side lugs of master selector rotary 
switch. Solder unribbed conductors to right side lugs. Connect center of 
master selector switch to unribbed conductor of transformer wire and two 
connecting wires to rotary lugs as shown in diagrams. 

10. Connect ribbed conductors of master selector switch wires to red 
leads, terminal No. 2. on the relays and the unribbed conductors to the 
black leads, terminal No. 3 on the relays. 
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Trouble Shooting 

As soon as the wring is completed and the power switch is 
turned on the wiring system should be checked for proper 
performance. In checking the system, each circuit should be 
tested from each switch point including the master selector 
switch, to see that everything operates correctly. In case of 
faulty operation the following guide will be of value in locating 
and correcting the trouble: 


1, Entire system dead, 

a. Check current on transformer. 

b. Check to see if transformer is dead. If there is power on the pri- 
mary leads (125 volt side) short out secondary terminals with 
screw driver. A spark will indicate that transformer is in working 
order. 

c. A short or open circuit in the transformer loop wiring may be 
found as follows: 

I. Disconnect the several zone circuits from the transformer 
secondary. 

II. Connect each zone to transformer separately and check relays 
in that zone. 

III. When zone is found in which the relays fail to operate, look 
for a short or open in the loop circuit. This can be done by 
disconnecting the transformer connections at the relay and 
testing the circuit at various locations for continuity, by the 
familiar “bell and battery set” or by a continuity tester of 
any type. 

2. Individual Circuits Stay On or Oft— ‘Relay Hums and the Relay 

Barrel Becomes Warm, — This fault is caused by a continuously 

energized relay coil. 

a. Check each control switch (including master selector switch; if the 
realy is controlled by the master) for a short between conductors 
at the terminals. 
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b. Check for a shorted control switch by disconnecting the wires from 
the terminals and shorting the one that was on terminal Number 
2 to the one on center terminal, and the one that was on termi- 
nal Number 3 to the center conductor. If this operates the relay 
then the control switch should be checked. It may be necessary 
to allow the relay time to cool before making this test if the coil 
has been energized for an extended period of time. 

3. Individual Circuits Stay On or Off— Relay Does Not Hum nor 
Become H^crrm.— This fault is by an open circuit in the control 
wiring. 

a. Inspect the connections at the low voltage end of the relay to ascer* 
tain there are no open circuits. 

b. Inspect the connections at the control switches to see that they 
are not broken and are making good contact. 

c. If fault persists, check for continuity in the control wiring. 

4. Circuit Turns On When Each Control Switch Is Turned OB, 

a. Reverse connections to terminals Number 2 and Number 3 of the 
relay. 

5. Circuit Turns On When Only One Switch Is Turned Off, but 
Is Correct from other Switches Controlling that Circuit,— 

a. Reverse connections to terminals Number 2 and Number 3 of 
improperly operating switch. 
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TEST QUESTIONS 


1 . What are the advantages of a remote control wiring 

system as compared to conventional control and 
wiring methods? 

2 . Why is a transformer necessary? 

3 . What is the voltage ratio of the transformer used in a 

remote control wiring system? 

4 . Describe the construction and function of the relay 

employed. 

5 . Why is the relay equipped with two coils? 

6 . What is the maximum voltage across the relay coils? 

7 . Describe the construction and operation of the control 

switch used. 

8 . Why are three terminals necessary on the control 

switch? 

9 . How is the multi-point control obtained in a remote 

control wiring system? 

10 . Describe the construction and operation of a master 

selector switch. 

11 . What is the maximum number of circuits which may 

be controlled from one master selector switch? 

12 . Describe the various applications for a remote control 

wiring system. 

13 . Describe the two common methods of locating relays 

in a remote control wiring system. 

14 . What is meant by the “gang mounted" relay location 

method? 
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15. What is meant by the “zone grouped” method of 

locating relays? 

16. Describe the method used for location of outlet boxes in 

a remote control wiring system. 

17. Why is only one transformer usually sufficient for 

each remote control wiring installation? 

18. What are the methods employed to separate the 125 

volt power supply from the 24 volts control source? 

19. What are the ratings of the relay contacts? 

20. What type of conductors are used for wiring (a) for 

the 24 volt control circuits and (b) for the 110 volt 
power circuit? 

21. Does a wiring system of this class fulfill the require- 

ments of the National Electrical Code? 

22. What methods are employed when checking a remote 

control wiring installation for proper operation? 

23. What is the maximum load that may safely be con- 

trolled from one relay in a wiring system of this 
kind? 

24. If after completing a remote control wiring installation 

the lamp does not light properly, although the con- 
trol switch is in working order, what procedure 
should be followed in order to firxd the trouble? 

25. Draw a wiring diagram showing how three circuits 

may be controlled from a single-pole, double-throw 
control switch. 

26. How many parallel connected relay coils may be 

operated from a single control switch? 
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CHAPTER 115 


Grounding 

The term grounding as here used is defined as: the 
tianal connection of a circuit to the earth for the purpose of in- 
suring safety from shock. 

Thus, if any live conductor be efficiently connected to earth, a person 
touching the conductor cannot receive a shock, since there is no difference 
of pressure between the earth on which he is standing and the conductor 
which he is touching. 

The principal reason for grounding a circuit is that of shock. 

A person touching a circuit at any two points between which there is a 
difference of pressure, will receive a shock. The danger or severity of shock 
horn touching simultaneously two live wires of a circuit is not affected by 
grounding the circuit, but the danger of severity of shock horn touching 
simultaneously either wire and the ground does depend upon whether the 
drcttit be grounded or not 

It should be noted that the sensitiveness of different people to shock varies 
a great deal and that the severity of a shock depends as much on the surface 
resistance of the skin (whether dry or wet) and on the parts and organs of 
the body through whi(± the current passes, as on the voltage . It is there- 
fore impossible to say that any voltage used in practice is so low that under 
no condition can it give a dangerous shock . However, considering ordinary 
conditions and the result of a majority .of the shocks, circuits of voltagt^ 
i4> to axKl including 220 volts may be considered as not liable to cause a 
serious shock, whether groimded or ungrounded, and may be referred to as 
Im v(dUig$ dteuits. 


When a drcnit is intentionallv grounded, the vdtage of the 
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grounded point is made permanently that of the earth and the 
voltage of every other point of the circuit becomes fixed with 
respect to the ground. 

When one conductor is grounded it depends upon which 
conductor a person touches as to whether he receives a shock, 
as in figs. 5,749 and 5,750. 

The reason he receives no shock in hg. 5,749 is because the connecting of 
a point on the circuit conductor to the earth, insures that the point, on the 
conductor, and the earth will always be at (practically) the same voltage. It 
insures that there can be no voltage between them. Since there can be no 



^iGs. 5,749 and 5,750. — Low voltage system with one conductor grounded. If a person toucli 
the grounded wire as in fig. 5.749. he will not receive a shock, but if he touch the other wire 
he will receive a shock, as in hg. 5,750. 


voltage between the grounded point of the circuit conductor and the earth, 
a person in contact with the earth could touch the grounded point of the 
conductor without danger of being shocked— without danger of current 
flowing through him. 

Another way of looking at it is to consider that the ground wire, from the 
conductor to earth, forms a shunt around the person who is touching the 
conductor and that practically all of the current whidi flows to ground will 
flow through the ground wire and practically none through the person. 

Danger arises in an ungrounded low voltage circuit whra a lugh voltage 
wire comes in contact with one of the wires of the low voltage draiitt as in 
flg. 6,751. 
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This danger is avoided by grounding one wire of the low voltage corcuit 
as in fig. 5,752. 

In grounding, two kinds of grounds are to be distinguished: 

1. Grounding of conductor; 

2. Grounding of conduit or other forms of ccmtainers for 
wires. 



PtG. low voltage circuit in contact with a grounded high voltage drcolt^ h 

neieon gate a emaU ehock if he touch wire M. and no ahock if he touch wire s. 
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The naaon why a omduit ^uld be grounded is because in case of a ahoit 
between the conduit and one of its wires, and the external circuit come 
in contact with a wire on a grounded high tension drcuit a person toudiing 
the conduit would be subject to the high vtdtage, as indicate in fig. 5,753. 

Gronnd Wire. — This wire is used to connect a circuit con> 
ductcn*, conduit, or other device to an earth plate, water pipe, 
etc. The ground wire used must not be smaller than No. 10 
copper. 



Fig. 5,753. — Diagram illustrating the importance of grounding conduit or external metal covtr 
ing on lighting circuits. 


Larger sizes of wire may be used, and are required for large service instal* 
lations, The size of wire required for grounding is determine by tl^ ampere 
capacity of the service wires. This ground wire need not have any insulation, 
ax^ may b^ fostened to the building with nails or staples or with cleats or 
knobs. 

One end of the ground should be sweated to a lug and the lug should be 
bolted to the service switch cabinet . All service switch cabinets are ananged 
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for sprounding. The other end should be sweated tx> a ground damp. The 
wire should be run as straight as possible to a water pipe and be totened 
to the latter on the street side of the meter. If the distance to a pipe on the 
street side of the meter be considerable, and a cold water pipe on the house 
side of the meter be available, the ground wire may be attached to the latter 
and a copper jmnper should then be placed around the meter. 

When the neutral wire is grounded. No. 8 copper wire, rubber covered, 
single braid, must be used, and it should be encased in conduit from the 
service switch to the ground clamp. 

Ground Connection. — Generally a water pipe is selected for 
a ground connection in house wiring installations. In the 
absence of which, efficient connection can be made as by means 
of embedded plates or pipes driven in the ground. 

Driven pipes possess many advantages over other methods 
which have been used, such as buried plates, buried strips, 
coils of wire, and the various patented ground electrodes com- 
monly advertised. 

Chief among the advantages are the low cost of the pipes as compared 
with the other forms of ground electrodes, and the simplicity of driving a 
pipe compared with the task of excavating for and installing the buried 
form of ground electrode. Moreover, the ground area required by a driven 
pipe is small, a decided advantage in some places where excavation is out 
of the question because of restricted space or pavements. 

Another noteworthy advantage is that the connection between the ground 
wire and the driven pipe can be made above the surfoce of the ground , which 
affords easy inspection and testing, and, eliminates the possibility of a 
defect being obscure, such as a ground wire broken below the ground sur* 
face by corrosion or by mechanical thrusts and shifting caused by frost. 

An analysis of the electrical resistance to earth formed by the different 
types of grounds shows that the driven pipe compares very ibvorably with 
any of its competitors. It has, also, the outstanding advantage that two or 
more pipes may be driven and connected in parallel at a cost usually less 
than that of one of the buried types of grounds, and thus it is poss^ to 
iA>tain a very much lower ground resistance with driven pipes than with the 
other types for a given cost. 

Where permanent moisture is at a considerable d^th in the soQ, the 
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Vtc. 5,754. — Method of groundi^ neutral and service cabinet. Some cities permit grounding 
to cold water pipes without jumping the water meter. Whether or not meters should be 
jumped depends upon their construction. 



’^0. 5,755. — Method of grounding a motor frame. 


lirn 5,756. — Method of grounding conduit eyatem to water pipe. 
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driven pipe has an obvious advantage, being capable of reaching depths of 
twenty feet or more where the soil is of friable texture. 

Copper clad steel ground rods have been used in a few cases 
and in general have the same characteristics as pipe. 

They have the additional advantage of resisting corrosion over a some* 
what longer period, and they also allow a simple soldered connection to the 
copper ground wire. Their cost, however, is considerably more than even 
the extra heavy galvanized pipe for a given diameter. • 

Apparently there has not been enough experience with the copper clad 
steel rods in actual service to say definitely whether their extra expense is 
justified by added life. Considered on the same cost basis as the standard 
iron pipes, the copper clad rods would be entitled to favor. 

NOTE .— efficient earth plate can be made of copper sheet No. 16 gauge, some 2 
fuquare m in area, to which the earth connection of, say. No. 0 gauge is soldered across its 
arhole width, and may also, with advantage, be riveted. The plate should be placed in a hole 
m the ground w ith some 60 cm . depth of coke or charcoal, crushed to pieces the size of a pea. 
below it. and with the same amount of coke or charcoal above it. The hole must be of sufficient 
depth to reach to permanently damp earth, and is Ailed in after the plate and coke h^ve been 
placed in position . 1 f no suitable permanently damp earth wan be reached, it may be neceasary 
to rv.n a water pipe to the plate in order to keep the aurrounding ground moist. 


TEST QUESTIONS 

1. Define the term grounding. 

2. What is the principal reason for grounding a circuit'! 

3. When a conductor is grounded what is the condition 

for receiving a shock? 

4. Name two kinds of grounds. 

5. Why should a conduit be grounded? 

6. What is a ground wire used for? 

7. What size of ground wire should be used? 

8. How siwuld a ground wire be connected? 
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9 . What is usually selected for making a ground con<- 

nection? 

10 . Do driven pipes possess many advantages over other 

methods for ground? 

11 . What is the chief advantage of a pipe ground? 

12 . Is a large ground area required for a driven pipe? 

13 . Give method of grounding a motor. 

14 . Do copper clad steel ground rods make good ground? 
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CHAPTER 116 

Overhead Systems 

There are various kinds of transmission lines in which the 
wires are suspended overhead on poles, towers or other methods 
of support. They are known as overhead systems* and vaan' 
be classed 

1. With respect to the voltage, as 

o. Low voltage. 

0. Medium voltage. 

c. High voltage (high tension). 

2. With respect to length of line, as 

a. Siort lines. 

b. Lines of moderate length. 

c. Longdistance. 

3. With respect to sarice, as 

0. Teleidxme. 
b. Td^raph. 
e. light, 
rf. PCNser, 
etc. 


4. With retfiect to the current, aa 
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a. Direct cunent 

phase 
twophaee 
three phase 

5. With respect to the method of support* as 

a. Pole line. 

Transmission tower, 
c. Catenary. 
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€. With respect to the circuit, as 

a. Metallic. 

b. Ground return. 

A typical overhead system for light and power oaisists of 

1. Transmission line; 

2. Feeders; 

3. Primary mains; 

4. Secondary mains. 

Fig. 5,795 shows the elements of such a system. 

Starting at the central station, the alternators of moderate vdtage lan. 
duce the current. This voltage is for lines of moderate or long distano 
stepped up by transformers in the central station in amount dependinr 
unon the length of the transmission line. 

The voltages ordinarily used for transmission lines are as 
given in the following table: 

Transmissitm Line Vintages 


Length of Line Voltages 


1 to 3 miles 

550 or 2,200 volts 

3 5 

u 

2,200 ^ 6,600 " 

5 * 10 

a 

6,600 « 13,200 « 

10 " 15 

a 

13,200 “ 22,000 “ 

15 “ 20 

u 

22,000 - 33,000 « 

20 “ 30 

tt 

33.000 “ 44,000 " 

30 50 

u 

44.000 - 66,000 “ 

SO “ 75 

a 

66,000 ** 88,000 « 

75 “ 100 

u 

88,000 “ 110,000 “ 

100 « 150 

u 

110,000 “ 132,000 • 

150 " 250 

« 

132,000 “ 154,000 ^ 

250 « 350 

tt 

154,000 « 220,000 
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The amount and cost of power to be transmitted is an im> 
portant factcM* in determining the eamomic transmisdon 
voltage. 

For average conditions isolated from existiixg transmission lines the volt* 
ages shown in the table have been quite generally used. For ezoqitlonal 
cases, exceptional values will be used. 

Example: If 40,000 koa. be transmitted 20 miles, 66,000 volts or higher 
might be used. On the other hand, if a very small amount of power be 
transmitted, lower voltages would probably be selected. 



At the substation the current coming in over the trans 
mission line at high voltage is “stepped down” by transformers 


*NOT£. — The use oi 1S7,000 volts is likely to occur only in esse It be found neBCsgiry to 
have a voitafe between 154.000 and 220,000 volta. 
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to a pressure suitable for tte feeders. Aoanding to H. B. 
Gear, a rule of thumb allowance is about 1,000 voUs per mite 
length of transmission.* 

This gives a conductor too small for short lines transmitting omsidaaUe 
power. Acooiding^y tor short lines, a somewhat higher vdtage should te 
select. 

The feeders lead from the sub-station to the distribution 
centers, each distribution center having a separate feeder and 
no branch circuit should be tapped to the fevers between the 
sub-station and the distribution center. 



Fig. 5,797. — Installation of a transformer on pole; view showing method of attachment and 
disposition of the primaiy and secondary leads, cut outs. etc. 


The object of this is to prevent undue drop aloi^ the feeders. The 
voltage at the distribution center should be maintained constant for all 
loads and this is usually accomplished by means of feeder voltage r^^ulators 
located at the sub-station and fully described in Chapter 79. 

Each feedeTp terminating at a distribution center^ is con- 
nected to the primary mains. 


*NOTE.-— 99m adoss nils is based on the fact that with copper fionduetors a prastuia of 
t,OOD volta per mile, and a current dcnaity of 1 amp* per 1,000 c«r. fiwli, the energy lots wilt 
^ about lO per cent. 
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Along the primary mains, oondactcns are tapped at various 
points. In fig. 5,795, the feeder M, is tapped at several 
pomts, each line connecting with a ^stribution transforms: 
which reduces the pressure for the secondary mains. Eadi 
distribution transformer serves several customers as riiown. 
A rii^tly different scheme is used for distribution center S. 
Here individual transformers are used for each service. The 
distributors and individual transformers step down the voltage 
from usually 2,300 volts to 115 or 230 volts. 

The foregoing general description of a simple oveihead sys- 
ten is intended to illustrate transmission and distribution prin- 
ciples. Of course in practice an infinite variety of hook-ups 
can be used to meet the varied conditions to be met with. 
The object in view, in the selection of any particular system, 
is to transmit the current from the central station to the cus- 
tomer in the most efficient manner and with the least expense- 


TEST QUESTIONS 

1. Give classification of overhead systems. 

2. Draw a diagram of a typical overhead transmission 

and distribution system. 

3. Give transmission line voltages for lines ranging from 

1 mile to 350 miles. 

4. What are the functions of a sub-station? 

5. What is a rule of thumb allowance for voltage per mile 

of transmission line? 
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CHAPTER 117 

Pole Line Materials 

For lines of low and moderate voltage, poles are used to 
support the conductcnrs. To meet the vari^ conditions sev- 
eral types of poles are used. They may be classed, with re- 
q)ect to materials, as 

1. Wooden; 

2. Steel; 

3. Concrete. 

Wooden poles are the ones mostly used. 

In tropical countries, however, such as India, Central America, etc., 
where wood is rapidly destroyed by the ravages of white ants and other 
insects, steel poles are almost exclusivdy used for tdegraph, tdephone, and 
other electric transmissirm lines. 

Wooden Poles. — ^The properties required in these p(^ are 
strength, comparative lightness in weight, durability, strai^t- 
ness, a gradual and well defined taper and an abundant and 
accessiUe supply. 

These requinte properties, especially that of duratnlity, restrict the 
mimbarof species which can be used for poles, and about 80 per cent of the 
' pedes used in the United States are cut from two classes of timber. These 
two classes are chestnut and cedar,' and of the two iq>proidu>stdy five times 
as much cedar as chestnut is used. 
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According to wire capacity, poles are divided into several 
classes, as 

CloM ii. — ^Poles to be used in lines canying or ultiniately to carry forty 
wires. 

CloM J9.->Pole3 to be used in lines carrying or ultimately to cany fooni 
twenty-one to forty wires. 

WRONG WAY* RIGHT WAY 



5,798 and 5,799. — Right and 'wrong way to measure tops or butu. The terms 5 In. 
top, ft.; 7 in. top, 30 ft. are used to designate the sise of poles, but the diameter meas- 
urement is not a correct means of determining the sise of a top, because the tops are not 
enct circles. Instead, the sise of a top or butt is determined by Use circumlerence measure- 
ment on all poles 16 ft. and longer. 

Class C . — ^Poles to be used in lines carrying or ultimately to carry from 
thirteen to twenty wires. 

Class D. — Poles to be used in lines carrying or ultimately to carry from 
seven to twelve wires. 

Class E , — ^Poles to be used in lines carrying or ultimately to carry from 
three to six wires. 

Class E Es G . — ^Poles to be used in lines of two wires* the wires being 
carried on brackets. 

The following table gives standard specifications for West^ 
red cedar "dase*' poles aconxling to N. E. L. A. and American 
Tel. & Tel. Co. 



Mhitmiiiii IHai«B8ioiu of Pole — Circamfereiice in locfceo 
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This loss of water k tended Mh 
$onhii,9DdiBZCO(mpemM 
dxanies in the wood» sudi as usMsh 
tion of the wood subrtancee and 
fixation of inoTKanic and organic 
compounds. 

As moisture is an essential fector 
in the development of fungous 
growth, the proper drying of a pole 
prevents injury from demy. The 
strength of a pole is incmwed by 
seasonuig, and as the weii^t of the 
pole is decreased, the shipping 
charges on it are r^uced. 

During the seasoning process 
water leaves the cell cavities and If 
continued sufficiently, the cell walls. 

Other changes occurring are 
the splitting or che(.king of the 
cell ^Is and the rupturing of 
the bordered pits. 

All thew danges incteaae the ak 
places in the wood and fedlitate the 
entrance of preservative liquids. 

The most conunon method oi 
seasoning poles is to pile them 
in the open air. 

Wood Preso’vation. — ^There 
are several processes vrhich 
may be successfully employed 
for the preservation of potes or 
otho: exposed timber. The 
best knbvm of diese are the 
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creowAing, bumettizmg, kyaniang, caitxdu^. and vnkan* 
{sii% I»rooes8es. 

The method of tieatment employed by some lai^e pole oonoenis is as 
follows: The butt ends of the poles are finit immersed to the prope r d^pth 
ill heated creosote, rangii^ in temperature bom 212** to 230* F. Thm 
temperatures while allowing a sui^le range above the boiling point of 
water, keep to a minimum the amount of volatilization the bitter toxic 
constituents of the preservative which would otherwise be lost in the 
atmoqdieie. The heat of the preservative being conducted into the timber, 
expands the air within the celU and vaporizes moisture or sap which might 
be present. 



Flo* 5,801. — tMeting Aifw «ls«f jmIs 1. Auuclung nn angle iron atom arm. 

In the heat treatment, the vapor formed by the expanding of the air 
within the cdls is forced from the timber and escapes. After the timber is 
heated for a minimum of four hours, the hot preservative is withdrawn and 
cold preservative introduced into the tanks. This change of temperatuie 
causes a contraction of the expanded air in the cells of the wood, whidi in 
turn fonns a vacuum, drawing the surrounding preservative wi^ into tte 
nmDer 
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tm. 5 j 602 v»-Ariietlii# AafM jpota !• Ruiiiig the pole hy the use of pike polei. 



/m. draeting Batan efeef poU $. A one piece ciogie pole held plumb by t em pocery 

eteye while the concrete foundation i« oonetructed- 
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Steel Paries.— On ac- 
count of the increasing 
cost of wood and the 
relatively short life of 
wooden poles, steel poles 
are extensively used. 
The various types may 
be classed as: 

1. Tubular; 

2. Structural; 

3. Expanded. 

Tubular poles crmsist 
of sections of steel pipe 
of varying diameter 
with the largest diam- 
eter at the butt. One 
end is expanded wider 
than the other and is 
used as the base of the 
pole. 

Latticed steel poles 
are made by a large 
number of manufactur- 
ers, this being a type of 
construction in univer- 
sal use. The design and 
adaptation are so diver- 
sified that no detail can 
be given. 


PlO. Baiea ateaipoh 4, Pole as erected showii^ fouadattoo, also a nethod 

of by means of nates pole climbers. 
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WheRusing this type of pole« as in using other types of pole, it is a mat 
ter of calculating the loads which are to be placed upon the structure^ 
necessary clearances and factors of safety , and from this the structure itsdf. 
can be chosen from staiidard types or designed by any competent struGturs) 
engineer. 

The expanded type is made from an I-beam by cutting and 




5,S05 and 5,806. — Method of making Bates expetided steel truss pole. The pole ii 
manufaetisred from rolled **H'’ sections designed for poles. The section is first sheaied 
through the web by a rotary shear, leaving intact ponions at fixed xntervala throughout 
the length of the aection, aa in fig. 5,805. The section is then heated to a cherTr red color, 
and is then charged into an expanding machine, which automatically gri|e the fiangw 
throughout their entire length and expands the section to the desired dituenrnoa while hot. 
Expanding the sheared web causes the middle portion of the web to take the xtgssg form, 
ss in fig. 5306. and thus creates a series of triangles in alignment and produces a strong, 
one piece steel truss. 


expanding the web, making what is termed an "expanded steel 
truss pole.” 

Figs. 5,805 and 5,806 illustrate the manufacture of this type pde. 


Ctmcrete Polea. — ^These poles are very durable and will out' 
last any wooden poles. While wood has been most widdy 
used, on aoxnmt of its low first cost, concrete possesses ad- 
vantages whidi aze being given increadng attention wtiete 
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lOQg life, greater strength and incaiea^ safety fEKtors must 
be considered. 



Fm. 4B07 md 5J06.«-*Wettfak<hoiite hoSkm ooncrete potat m tOiefhBm Mrvioe* tt/m 
polet an iiiiuble lor tatograpb. trolley and tranMoMopf 
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Among these advantages is the fact that a carefully worked out de^fi^ 
can be commercially pr^uced with unvarying certainty, thus insuring a 
Gxcd safety factor. Furthermore, the sowing scarcity of timber is leading 
progressive companies to instali experimental lines of concrete poles, so 
that they may have an opportimity to study this type of construction fiisv 
hand before economic factors force them to adopt concrete for all their lines. 

So far as is known, reinforced concrete poles are not subject to the ordin- 
ary action of the elements. Water tends to harden concrete and does not 
affect the reinforcing steel, since it is entirely embedded and therefore inac- 
cessible to it and the air. 


There are two general t3^s of concrete poles: 

1, SoUd; 

2. Hollow. 

The solid type is made in a trough form and is reinforced by steel rods 
running lengthwise. 

In the manufacture of hollow concrete poles, the reinforcing steel, after 
being accurately computed for the particuW clas» of pole to be made, is Md 
rigidly in the place it was design^ to occupy, so that the actual tests of 
stren^ check the design very closely. The complete reinforcing cage is 
then placed in a horizontal form and held at the desired distance from the 
surface of the form by concrete buttons which become part of the finished 
wall of the pole. Cmicrete is added and the entire form rotated at his^ 
speed developing centrifugal force sufficient to compact the concrete into a 
very dense wail, leaving a hollow op^iing in the center running through the 
len^ of the pole . 

Cross Arms. — ^The familiar cross arms for stringing wires 
aio usually attached to the poles before they are erected. They 
are commonly made from yellow pine wood, generally 
inches, and are freely coated with good mineral paint as a pre* 
aervative. 

Attachment is made to the pole by cutting a gffin one inch deqp and oi 
suffidoit breadth to allow the longest side of the cross arm to fit accurately « 
It is then secured in place by a hg screw with a square head, so that it may 
be driv^ into place with a wrench. 
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The cross arm is further secured to the poles with braces. Fig, 5,809 
diows a typical arm and fig. 5,810 the method of fastenixig to pde. 

Pins and Insulators. — The cross arms are bored with holes 



Ftc. 5,809. — Crose arm which carrieft the inaulator pins. The standard cross arm is 3 
ins., double painted, and bored for IVi in. pins and two H in. bdt boles. Telephone arms 
am 2KX39i ins,, bored for 1 K in. pins and two H in. bolts. 



Fig. 5,S10.-*Method of fastening cross arm to pole, in addition to direct bolting, the c 
arm is further secured to the pole with braces 30 ins. long, K in. thick and 1 in. wide, 
according to standard specificatiors. Holes ate bored at points one in. from either end, 
one for attaching to the pole, the other for attaching to the cross arm; two braces forming 
a triangle with die cross arm for the base and with the apex at the point of connectioo to 
the pole. 
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lor the haerticm of the insulator which are made of locust 

wood and threaded at the upper end to receive the glass im 
sulators. 


The cross arm is made of such a length as to acoommodate the number 
of to be inserted. An aim for two pins is made three feet iongtax:otad- 
ing to the standard usually followed » with holes for the pins at center potote 
three inches from either end and a space of 28 inches tetween them in the 
center. 

Figs. 5,811 to 5,813 a ^ass insulator, pin and bracket such as is 
used on telephone and telegraph lines. 



Tigs. S311 to 5.813.*-Glm inmilator and inaulator pm and brackat. The inaufaitQt ten 
■hosrn it of the pony double petticoat tsrpe. Inaulator jdne are need with cron aniMi, bnick- 
eta are attached direct to the pole. 


InsnlshM's. — Glass and pwcelain are employed almost uni- 
versally foe supporting overhead wires. Insulators made of 
these materials are supericn* to those made of other material 
such as hard rubber, or various compounds of vegetable <»: 
mineral matter, with the exception perhaps of mica insulators 
used on the feeders oi electric railway lines. 

GIsm iosulaton are generally used on low tension lines, and porodain 
irwilators on iugh tenskm lines, the latter type bdng usually stronger and 
Im brittle. Porcelain is more expenave thra giasB, and its opacity pre- 
vents tiie detection of internal defects which would be readily obierrad 
through glass. 

An insulator wliidi has one, two ex three deep flanges or "pettkaats" 
arou^ the base fnr the purpose of increasing the leakage path the Une 

to the pin is called a petticoat insulator. 

Both ^ass and norcelain insulators may be the double or tripie petdooat 
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:^pe wUch my be cast or moulded edid, or node in two or mote parts 
mUcfa are subsequently cemented togetber. 

inigs. 5314 and 5315 show these types of Insulator. 

There are numerous types of insulators adapted in cteagn 
to the various conditions met with. 

Gays for Pdes. — Where poles are subject to severe strains 
which might throw them down and break the wires, guy cables 
are largely employed, these being attached near the t<^ and 



Pig. Ss814.*-Telephoiie and telegraiA line glaas ineulator. 

I'lO. 5s81S.-^Type of insulator uaed in malring a traimp o ai t ion . 

secured either to the base of the next pole, to a suitable guy 
stub or post, or to a guy anchor, which is buried about eig^t 
feet in the earth and held down by stones and concrete. 

Poles should be guyed at comers in order to thorougMy secure the poles 
so ttat no strain may come on the comerwise span. It is also necessary to 
guy a line where it is to be doSected from a straiidit path, as when roundbng 
a liffl, water course or railway curve, in order to neutraiiae the pufl of the 
sdrea, tending to incline the pdes toward Uib center on wfakh the arc is 
dssa&ed; also When desce n ding a hill. 
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The ntethods of guying pc^ are shown in the accompanying 
cuts. 


Guy Stabs and Anchor Logs. — In guying a line imder such 
ccmditions, each pole is connected by a suitable cable to a guy 
post or “stub,” or to an anchor log. 



Flos. 5,81^ and 5*817. — Hubbard tee pole Innces. Tbe vertical brace shown ia designed fog 
3 arms spaced 12 ins. apart, or 2 arms on 24 in. centers, additional arms being cared for 
placing other vertical braces in smss with the first. Tte vertical brace Is maM of If^ X 
X H io* audio and ta provided with polea for H in- bolts. The diagonal brace ia intended 
for use on both tbe 6 and 10 pin anna. It ia proviM with a step for tbe line man and may 
be used on either aide of the pole. It ia fattened to the tide of the pole by a H in. lag screw, 
and to the Croat arm by a H in. machine bolt. The diagonal brace ia made ed 2 in. 

aagle steel. The back bracee are attached to tha pole by the H in. crow arm fhtoudh bolt 
and to the croaa arm by a Hi in. micliinebQlt. Backbracei aremade of2X2XH In. angle 
steel* 
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Figs. 5,818 to 5,820,— Methods of guying comer poles. The proper guying of co^-ner and 
terminal poles is especially important: on comers and curves, the guys should be stranger 
and mote frequent and should be placed at the outer side as snown in the diagrams. 




Fig. 5,822,— Ouy anchor log In posltiim. 


Standa/d rulea specif/ 
stubs between 18 and 25 
feet, with exact limits as 
to circumference meas- 
fl urements at the top and 

I at a point 6 feet frm the 

■ butt, according to the 

■ kind of wood u^. Figs, 

I 5,822 and 5,823 show 

two types of anchor. 



Fig. 5,823.— Stombaugh guy anchor. It i» made of cast Iran snd can be acKwed Into tha 
around like ad auger. 
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TEST QUESTIONS 

1 . What range of voltage is employed on pole lines? 

2. Name three classes of poles. 

3. What kind of pole is mostly used? 

4. What are the properties required in ivooden poUs? 

5. How are wooden poles classed according to wire 

capacity? 

6. Draw a sketch showing right and wrong way to 

measure pole butts. 

7. How is the sweep of a pole measured? 

8. Name the several methods of wood preservation. 

9. Describe the preservation method employed by some 

large pole concerns. 

10. Describe pole climbers. 

11. Describe the method of erecting steel poles. 

12. How is an expanded steel truss pole made? 

13. Describe another type of steel pole largely used. 

14. What may be said with respect to concrete poles? 

15. What are the advantages of concrete poles? 

16. Name the two general types of concrete poles? 

17. Give the construction of the solid type of concrete pole. 

18. How is a hollow concrete pole made? 

19. What are cross arms? 

20. How are the wires attached to the cross arms? 

21. What materials are used for insulators? 

22. What provision is made where poles are exposed to 

severe strains? 

23. Describe the various methods of guying poles. 
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CHAPTER 118 

Erecting Pole Lines 

Before starting an erecting job, ascertain wfaetiier or not all 
necessary permits have been secured in order that the work 
may be done in accordance with the detail jdans. . 

If any pert of the propoeed work requiring a pennit be not eovered by 
a permit, do not begin operations until everything is covered by permits. 

Ordering Poles. — Car load lots should be specified. A 
schedule should be attached to the order covering the ship- 
ment to be made, delivery points, and the required date at 
each delivery point. 

Pde storage yards should be provided at delivery points, and the poles 
should be haul^ from these yards to the itake, either by the company's 
ftjtces or a teaming contractor, depending on which is more economical. 

Where poles are obtained locally it is desirable to have 
them delivered at the stake by the supplier and orders for 
poles Aould so specify, if conditions permit. 

The person making deliveries should be iuniidied with a locatioii or 
stake li^ showing the length and class of pole to be delivered at each state, 
and the date whim delivery is required. 

The delivery of poles in piles along a route dbonild be ovtAled where 
mcticable. 



3,484 


Erecting Pole Lines 


Unloading Pides from Cars. — In many cases pedes may be 
unloaded to advantage by local contract. There are several 
methods of unloading i^les as 


1. By cutting the stakes; 

2. By dragging <df car end; 



Fig. 5,824. — Unloading poles. 2»t Method. First cut stakes <m one side of car, then cut 
tie wires on other side, allowing poles to roll off. This is a dangerous method. For safety 
see that the stakes have amply strong tie wires at top and at center of stakes. Where any 
doubt eiists regarding their strength pass a one inch rope or 6,000 lb., or larger, strand over 
the load at each end of the car, and secure it so that the load is bound in plM. 

3. By means of pole derrick; 

4. By lowering with rope. 

These methods are shown in figs 5,824 to 5^27. 
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Storing of Poleo.-^Where poles are to remain in the yard 
lor a considerable period of time, they should be sorted ac> 
cording to different classes and leng^ and placed on skids, 
h&ke the skids of old poles where practicable and space them 
about fifteen feet apart in a locaticm adiere water does not 
accumulate. 

The end poles of the pile should be pievented rolling by means of 
blocks spiked to the skids or stakes driven into the ground. Where piles 
are more than one pole high, each layer should be carefully ''nested*' on 
the layers beneath. Butts of poles should be reversed on alternate layers 
when the pile will be four or more layers high. 


Locating Poles and Stubs. — In genaral, measure off the span 



Fig. 5,825. — ^Unloading polea. 2nd Method, Dragging poles off the end of the car. Ljqr 
temporary akida acroaa the tracka at the end of the car. aa shown. Attach ptSe tonga, rope 
idlog or chain to end of pole and pull pole off the end of car ao that it lands on the akkb. 
Where this procedure wcmld be liable to break the pole, the end of the pole which is last to 
leeve the Ic^ ahould be lowered to the ground. Pole tonga attached to a rope may bo 
umd for this purpoee; take a turn around the top of a ateke with the rope where neceaaary, 
So prevent the pole deeoending too fast. Roll the pcSea dear of the tracks. 
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lesBgths specified for the line until an obstacle or a fixed {wle 
locatkHi, such as a comer, dead end, or crossing » reac^edi 

Loo^ a pole at a satisfoctory distance from the obstacle or at the fijoed 
location. If it be then found that the span adjacent to this pole be 10% 
over or 20% under the specified length of span, relocate a siiffictent mmi* 
ber of the adjoining poles so as to make all spans come within the desired 
''ncatkNDs. 



5,826«-*UnkMdiiig poles, Srd Mnthod, Use a pole darrick or gin pole. 


Drive stakes at the proposed pole and stub locations# 

Where the line requires poles of different heists for grading. Ihe pQle 
height required shotdd be marked on the oorteiqxmdmg pole locatioii efedcg* 




Erecting Poie Lines 


3,487 


Tlie number of poles qiiedfied per milb dxniki, in genend, not be incMsed 
or deaeaeed by mpre than one pole» esccept where long span constnictioQ 
oocmB. Locate pdes in line, except comer poles. 

Locate terminal poles so as to obtain good guyi^ facilities and eo that 
if there be an underground connection, the conditions will be fovorafala 
for building the subsidiary conduit and pulling in the cable. 

Along the highway, except in munidpalitias, locate line dose to the 
highway fence line, but avoid, so far as pmcticable, having cross arms 
omhang pdvate property. When conditiona pennit, locate pcto at 
tmnsverBe fence or p.iaperty lines. 


Where local regulations provide a definite location for pole 



Pio. 5t8g7. — Unloading polet. 4th Method, Lowering polai to groimd by ropes. Ateecli 
end of the car eecure the end ol a rope to the top of a sound stake on the side of the car 
opposite the unloading aide. Pass these ropee over the kied and under the first pole to be 
unktsded. Then bring them bick to the opposite side of the car. take a turn around the 
top of the etakes end pass the ends to e roan whose duty it is to tend them. Cut the tope 
off the etafcee on the unloeding side at ■ point Juet below the top layer of poles. Ease off 
on the ropes, thue sliowing the first pole to itdl over the edge of the load. Fey out the 
rope slowly until the pole touches the ground. Roll the pole clear of the rope and repeat 
the operation with the polee on top layer, rolling them to the edge of the lond with oant 
hooks or peavlas. Sindleity unload the remaining layete, entting etakee Ot proper tevel 
lor each layer. 
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lines, for example, at a fixed distance from the center of the 
highway, the regulations must be complied with. 

Pcrfes on highways outside of incorporated limits shouM be placed be- 
tween the drainage ditch and fence line or lii^way linut^ Do net set 
poles between drainage ditch and highway without special approval of 
county or state authorities. 

Avoid long curves, a line should consist of straight sections and oomeia. 
Avoid locating poles in inaccessible places, such as marshes, steep banks, 
etc. 

Avoid the use of long or short poles for grading the hne by shifting the 
stake locations (but not more than 10% over or 20% under the specified 



Figs. 5,S2S to 5.830. — Chanfce of grade diagrams. By d^Onition a **change of i» 

a change in the slept eS « Hns sokich rssuUs in an up pull or a down pull at a •*•*[** 

in the diagramt At up pulls G, the change of grade on pole B, is approximate^ ettVM to 
one-half the distance EF. The point F. is located by ^hting acran the tope otv^ 
tods) A and B. At down pt^ G, the change of grade on pole B, may be foumi dinetly 
by Slitting across the tops of poles (or rods> A and C. 
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fpan length) ao as to keep pdes off the summits of mounds and the bot« 
tonuf of depressions. 


Avoid pole locations which will involve the wires in tree branches or 
Miage where pruning rights will be difficult to obtain. Locate exchange 
poles so as to facilitate joint use. 



Fig. 5,831. — ^Main aerial cable turn at street comers. Use a single pole comer if guying con* 
ditions permit. At street comers, where conditions such as radius curbs, sewer inlets* 
etc., will not permit a single pole comer, and at other locations where it is not practicable 
to make a single pole comer, make the comer as here shown. 


Pole Location at Corners. — Locate comer poles so as to 
obtain good guying facilities. Comer poles should be “set 
in” to give the proper rake, where conditions are favorable 
and appearances permit, as shown in fig. 5,861. 

In open wire lines use a sin^e pole comer where the pull is less than 40 
feet. Where the pull m a single pole would be 40 feet or greater, in geo* 
etal make the comer on two poles. Where a two pole comer is impoctl* 
cable, a sintic pde comer with qiecial cross arm constiuctkMi may be used. 

Grading the Line . — A line should follow the general contour 
of the ground over which it passes, avoiding, however, any 
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Fio. 5,^.-*Rounded and flat grades. A rounded grade is one which lias a change ot grade 
on practically every pole, whereaa a flat grade has r. change of grade on the first and laat 
polm only of a slope. It will be noted that the rounded grade requires fewer hitfh polea 
than the flat grade. 
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abrupt dips or rises adiich would cause excesave puB on tie 
wires, or other attachments on the pole. In all cases, 
pdes should be made as ^ort as the required clearances and 
allowable change of grade on each pde will permit. 

Where it is necessary to increase or decrease the height of attadunenta 
on poles in onier to obtain required clearances, the cfaaitge dtould be ««■«<* 
by using rounded grades, rather than /lot grades, as shown in fig. 5332. 
Tire method of sighting for giadine is shown in fig. 5,833. 



Framing Poles. — ^This w<(n*k should be perfcamed before set- 
thig. Where practical it should be done in the pde yard. If 
done on the job, the work should be so arranged as not to 
interfere with the men setting poles. Where framing is done 
in the yard or on streets, remove the chips at the end of each 
day’s W(vk. 

Creosoted pcdas are ddhered with Uie gains and other framing ainrwiy 
cot. In t» case should the creos ote d surfocr of the pde be penetrated. 
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Framing poles cinisists of several operatkais: 

1. Trimming; 

2. Shaving; 

3. Roofing; 

4. Gaining; 

5. Boring. 



<^1GS. 6,835 and 5,836. — BooHn§. Tum the pole eo that the face (or inside of the sweep) 
is up and hold the pole in that position either by blocking or by placing the top of the pole 
In a gaining buck. Mark the angle of the roof (90^) and cut it with a saw, taking caie not 
to splinter the wood at the bottom of the cut. 

Trimming * — ^Triin off all knotSt and cut off all project!^ parts of tht 
butt which would interfere with the pole entering a sized hde. Do 
not decrease any dimension which would reduce the life of the pole. Tran- 
ming includes stripping off all the bark; it is necessary in order to reveal 
defe^ in the pole, prevent decay and make the pole safer for the linenian» 

Shaving*— ’Tbm operatioa is performed with a draw knife but diould 
be done only when required. Shave only the section of pole or stub whicii 
is to extend above the ground or is to be treated. 

BobSng^Vm operation consists in forming a roof in the top of the 
pole. This is done by sawing the two sides of the pole top at the angjle 
shown in 5335 and 5336. Note that the ridge is at rii^it ar^dea to 
the gains. 
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Qaining.’^By deiinitioii a gain is the notch ciU into the pek into uMch 
the cross arm is placed when mounted. Gains are cut to prcniide a flat sur% 
face to help maintain cbe anns in alignment. 

Cutting a consists in first sawing aloi^ the upper and lower edges 
of the gain with a hand saw, and then chiseling out the round portion and 
making a flat recess. 

It is good practice to hollow out the gains slightly in the center to insure 
a snug fit of the cross arm, thereby preventing its rocking fixnn side to ode 
The operation is shown in detail in figs. 5,837 to 5,839. 



StQes. 5,S37 to 5,839. — Gaining. Locate gains on the inside of the sweep on curved polea. 
Measure distances accurately and cut gain so that a tight fit is obtained when cross arms 
are placed, in genmral, apace gains 24 ins. apart, top to top of gain. With approval of 
supervisor, this distance may be reduced to 18 or 12 ins. to obtain proper clearance. Where 
phantom transposition i brackets are to be placed, the cross arm spacing must not be less 
than 24 ins. Where. A or B transposition brackets are to be placed, the cross arm spacing 
must not be less than 18 ms. Or jointly used poles cut gain far telephone cross arm so that 
the clearance between this cross arm and the nearest cross arm or attachment of the electric 


company, will comply with the local regulationB. 



STRIN© TEMPLATE- 


Fio# $340.-^-Cidn template and method of aligning on pole. If the arme of the tonplate be 
made of flexible material such as sheet metal, they may be bent to conform with the pola 
mufgee, thus permitting thegiiii linee to baaeribed with praclsion. 




FiO.S,842.--lnstalling Pierce detachable ttep. S#«p 1. Slip the plate ovor tlie Uf and drive 
the lag ecrew until the plate bites into the pole. 

Fig. S,843. — Installing Pierce detachable step. 8ttp 2, The step slips down in a groove on 
each side of the lag screw bead. 



Fig. 5, 844.-4iistalUng Fierce detachable sup. Stmp$. The liaeinaa attadiea tin atafMiM 
chniba the pole. 

Flo.S,80.->IUiBoviii(P>eK!e detachable lUp. Step d. After the llaaiMU la fihtahtd wM^^ 
ea the pail, be leawm the aiepe and ecRiac tbem away . 
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Where the linue is to carry OTly cable or dtetribution wires attacked to 
brackets, no gains are necessary unless the municipality requires one. 

Borinff^A hde should be bored lot in. cross arm bdt in the cen- 
ter of each gain. The hole should be so bcned that when the cross arm is 
drawn up tight, the bolt will be at right angles to the face of the cros&ann. 
Where practicable, holes for cable suspension clamp bolts and pole steps 
should be bored before the pole is erected. The last operation ccmipletes 
the work of framing. 


% DEPTH OF HOLE — 



^5^ DEPTH OF HOLE 


!H- 

iiK- 

ij]/ ^ 


BUTTJHO BOARDS OR 

DIG Of MB BARS 


“BOTTOM 


Fig. S,S46.— Dtggtiig a hole for a large pole. Where a large pole is to be erected with pikes, 
or any pole is to be raised with a bull rope, dig a trench extending from the hole, in Um 
with the direction from which the pole is to be raised. 

the Poles. — Poles which require frequent climbantg 
should be {irovided with steps to prevent damage to the pc^ 
from die climbing spurs of the workman. The steps diould 
be spaced 18 ins. apart and located alternately on opposite 
sides of the pcde. 

The lowest step is placed not less than 6^ ft. from the ground. A fono 
of detachable pde step is shown in fig. 5,M1. 


IMlfgiag Pole Htriea. — When stakes are used to show pc^ 
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locations, die hole around the stage as a center. Where no 
stakes are used, holes shotild be dug where directed. 

The holes must be dug la.'ge enough to permit the free entrance of the 
pcde without cutting down its normal circumference at the butt, and of 
suffictoit size to permit tamping throughout their entire depth. The sklea 
of the hcdes must be straight. 

The following table gives the depth of holes for various 
poles set in level ground except that unguyed stubs and comer 
poles must be set deeper by 6 ins. or more, acccarding to the 
nature of the soil. 

Depth of Holes fw Poles 


L. i'iNGTh 
iN FElT 

^OFOONO in E94T'-i 

: uEP~h itJ "03 T 

sf: 1 ! iioCo ,' ■> 
DO'O}-] IN 

r' r, 7' : 

» 20 


4 

s_2 


2 2 ’ 


4 

5 


25 


5 

3 


30 


58 

3 -7 


35 


6 

9 


4(:) 


6 

9 


45 


O'E 

' 4 7: 


50 


7 

4 7:' 


55 

! 

i 

'7 1, 

i ■ 8 

.7; 


foO 

i 

8 

P-] 


65 

70 


88 

Q 

6 


/ I.. J 

7 5 

1 

87 

9't 

V; ' 


80 


10 



85 


iOo: 

/ 


90 


i : 




NOTE . — Big JtiBt mnoMigh holm mach dag to permit the pole erecting gang to 40 g fhtl 
day*awork. WlmhoksrexiiainopenBt the end ol the da/s work, cover them well or giuuRl 
them to prevent aocidente. Where condiUone recpiiie it, the hdlei tbaiilll be covttod with 
■Mhrftantial planking immediately after thev hiiva been dvk< 
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Pigs. 5,847 to 6,854.-^How to face croes arma. A, on etraight aectkm; B, on curve; C* at 
comer; l>« two pole comer: C. at dead ends, toward end of line on last 2 polea; F, at ?e f i w 
•pabe» away from long apao; G, at aieep grades, toward top of grade; H, on grade« 
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III oidinary soil use a hole boring madJtoe, or 8^ 

In soft soil, which caves wbiJe 

«nrkv»^ «r a aolit iron cylinder to act as shoring. The oarro - 

pdkt from smking. 


WHEN WINCH LINE EYE IS 
RELEASED FROM SAFETY 
HOOK, WINCH LINE IS IN 
POSITION TO LIFT POLE 



WINCH LINE IN POSITION 
TO RAISE DERRICK 


WINCH LINE IN POSmON 
TO LIFT POLE • 

DO NOT RAISE OR LOWER 
DERRICK WITH WINCH 
LINE THR0U6H SNATCH 
BLOCK! 



FIT BOTTOM OF CENTW 
^LC6 OVER KNOB ON 1 BEAM 

FOOT 


Fws. S.F RI ”»=I S,8B6.-^Knettng polm, Ut Method, 


Sluing Foies. — By definition the face of a poJe is tins sut* 
etf ike pole m which the cross arms are attached. 

<tof iho notes SO that ridge of pde n»f is in line « 

iS 'Sttecmwarnnisshow 

ia 6tt, S.847 to S.8H 
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Bredfaig Pdes. — In general, the method to be employed in 

!■ POTION 


IN FIRM 50IU, Die&INO BARS 
MAY Be SUBSTITUTED FOR 
BUTTINO BOARD 


Fig. 5,^7,*— Fraef In# polet» 2nd Method, Place butting board (ueed in soCt toil) or digging 
bara iuted in linn soil) in the hole. Move pole into place with butt against butting board. 
Plaoe deadman or jenny in position along the ground where footing Will be secure, and sta* 
tkm a man to attend it. Positimi A, Lift pole and deadman to position B, H pole be brought 
into place on a dinkey, lift top of pole and place deadman underneath. Place 2 cant hooks 
or peavies, one to pull against the other so as to serve as a means to prevent the pole turning 
as it ia being raised. The cant hooks or peavies should be placed about 2 feet above probable 
ground line. When a pole is treated, the hooks must not penetrate the treated wood. Sta- 
tion a man to bold the liookn as the pole is being raised. Place pike poles near the top of 
pole, one on each side, to steady the pole as it rises and the others underneath t^ pole. 
At this stage, the aide pikes should be held with the two hands separated and the lift pikes 
thoidd be held in the hollow formed by clasped hands. Raise the pole, then move the dead- 
man down until it supports the pole again. Position C. In changing the location of the 
deodman, keep it in instant teadinesa to support the entire weight of the pole. Pole may 
he lifted from position B, to position C, by hand, if more convenient. Apply fnkea further 
down the pole. Position C. Shift the pikes one at a time. Raise the pede again. When 
the pole pkMMsatha 45«» angle, the men on lift pikes may work to better advantage if they 
uee one hand to eufmort the butt of the pike at the level of the shoulder and the other Itaad 
fepeatthliapemtidRontatlmpolecanhepUteddirecUyintot^^ 

the pole cdoimenoea to elide hito the hole* remove the deedman to that it wfll M 
ihtetrfem with the movement of the pde. Line up pole with cant hooka Or peavlee and 
e^y It with pikea while badcBIliiig and tamping. 
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erectmg poles depends upon the size and weight of the p(de 
and upon conditions encountered at the pole locations. Whae 
inracticable, the cross arms should be placed befcne the pde 
is erected. The following methods are given to cover various 
conditions met with. 


Fir$t Method*. — Setting by pole derrick operated power winch on auto* 
mobile truck. This method, as shown in 5,855 and 5,856, will prove 
to be the most econc»nical and safest way of erecting poles in practically 


SECURE ROPE 6UYS WITH 
WO HALF HITCHES 

6UY OIN POLE IN FOUR 
DIRECTIONS WITH ilK 
ROPE OR LARGER TO 
CONVENIENT POINTS 
SUCH AS ADJACENT 
POLES^ TREES 
DIG6IN0 BARS, ETC. 



ROPE SLINGS 
MUST HAVE A 
SUFFICIENT HUMBER 
OF TURNS PASSED THROUl 
THE HOOK TO EQUAL THE 
STRENGTH OF THE TACKLE 
ATTACHED TO IT 


Fig. G,SSB . — Erecting polee, Srd Method, ^ect a gin pole of suitable length et near ttl 
pnpticabte to the hole which has been dug for the line pole. Where there is danger that 
itia gin pole butt will slip to one side under load, dig a shallow hole for the gih pole butt. 
Wlieie there is no danger of this, the gin pole butt may be set on the ground, or on a plaiifc 
it^lhe soil be soft. Guy the gin pole as shown. Attach blocks to gin pole ab^t 6 ins. from 
teip of pole. Attach lower end of tackle to line pole just above balance point. Haul away 
on tackle, guiding the pole as it rises, either by pressure on the butt or by pike poles . homer 
pole into h^. Line up pole with cant hooks or peavies and steady it with pikn while back- 
filling and tamping. 




USE HEAD 6UY SAME SIZE^ 
AS SIDE DUY5 WHERE POLE 
MieHT KICK OUT DUE TO CA^ 
OF HOLE 


016 TRENCH S10PJN6 FROM 
DEPTH OF POLE HOLE TO 
SURFACE OF GROUND 


TO rear of 
TRUCK 


DUE TO CAVING 


3 SHEAVE BLOCK 

KEEP TAUT BV HANO- 


MAKE TACKLE LONG ENOUGH 
^ SO POLE CAN BE RAISED 
f WITH ONE CONTINUOUS PULL 
^ - USE S SHEAVE BLOCKS 


IF POINTS B, C And D are ON A LINE PERPENDICULAR TO 
DIRECTION OF PULL, SIDE 6UY5 WILL NOT NEED MUCH 
READJUSTMENT AS POLE RISES 

iFig. S,859 . — Erecting poUta, 4th Method* Trench the hole as in fic. 5,846. Place butting 
boird firmly in the hole so that it will not kick across the hole and block it. Move the pole 
into positioii so that the lower portion lies in the trench with the butt firmly against buttink 
bonrd. See that the anchorage, alings and tackle are in good cmidition and of sulficient 
etteagth. Make eet up about aa shown. Dotted lines show set up used w'nere a winch is 
not availaMe. Take greet care to have ropea and anchorages strong enough. Serious acci- 
dent might result if one of them give away. Station men to tend guy poles. Takeastniii 
on bull rope. If top of pole tend to awing out of line of puU, bring it back by easing off or 
taking in slack on side guys, liaul away slowly on bull rope, keeping pole in line with puU 
until p<^ lUdee into hole. Line up pole with cant hooks or peavies and steady it with piker 
while backfilling and tamping. 
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Ughft weig^ poles (25 foot cedar and smaller) may be set by hand 
out the use of a d^ulman or cant hooks. Two pike pdes are sidfideiit. 
Pot medium weight poles proceed as exfdained in lig. 5,1^7. 

tMtd Method.— Setting with gin pole. When the pole is too long or 
too heavy to use the first method, or the gang is too small to use the Sec- 
ond method, a gin pole is used to advantage. This method is estplained 
in fig. S,:^58. 

Fourth Method. — Sdting with tnUl rope. This method may be used 
lor heavy poles, where owing to obstruction or lack of men. other metfiods 
are not practicable. In this method a nearby pole is used to support a 



Fia. 5,S60 —Erecting poUa, Bth Method. Dig hole of sufficient diameter to give apprmd" 
matdy an S in. clearance about the pole until the soil begins to cave or until water is eti- 
countered. Set pole in this hole and hdd it upright with pike poles. Direct a stream ot 
water from a noexle lashed to a short pike pole handle into the soil at the butt of the poie. 
Tko pole la gradually undermined and sinks. During this operation move the tiossle around 
till butt to avoid wedging and ease off carefully on the pike poles. A presnite of 40 lbs. 
par SCI. in* has been foiind to work out well with this method, although a quantity ittf water 
iamoieeaSsotiiUthanahighpieantre. When the pole has aunk to the desimdei^»fedttSs 
the water pmsBure, remove the nosrie and shut t>ff the water entirely. Shovel ba^ the 
How of sediment around the pole. Usually no tamoing is teouited. 



Greeting Ptsit Lims 


3303 


CORNCft POUtftMtn 

CROSS ARMS OMiTTtO 
fOR SAKt OF CLCARHC5S 

LINE OF THE tCAl 


r' POLE 

SET IN" FROM UNE 



CORNER POU veirricAL 

TOPS OF CORNER POLES 
MUST BE IN LINE WITH 
POLE TOPS OFAOJACEHTi 
SECTION WHEN THE 
CONSTRUCTIO N NAy 
3CTTixi>--^^^iir^ 

^lineof/^ 

THE LEAD 


. 1— ^TOL£ 

SET ON UNE 



Ftes. 6.8S1 and 5.S62. — ^Treatment of guyed poles at corner. When placing guya. pull over 
topa of all poles so that when the load is put on and the anchora and guya have eettled. the 
peto topa will have conne back into line. Under average conditions pole tops should be pulled 
over an amount approximately equal to the diameter of the pole top. When oonditiooa are 
such that more or less 3 rield is expected from anchor and guy, this amount may he modified 
accordingly. 


DO NOT CUT POLE 
FRAME BRACE TO FIT POI 


PLACE BRACE AS HIGH UP ON 
■'OLE AS PRACTICABLE BUT 
NOT ABOVE SECOND CROSS ARM 


THE LEAD OVER HEIGHT SHOULD 
PREFERABLY SE GREATER 
THAN )6^ AND LESS THAN I 
BRACE shall BE' OF SAME 
CLASS AS POLE 



IN. X Z\ IN SQUARE WASHERS 


CROSS ARM BOLT TO PREVENT 
SPLITTING OF BRACE 


TUBBING BOLT MUST PASS- 
THROUGH BRACE AT THIS 
POINT 


A GROUND BRACE MAY BE 
USED IF NECESSARY TO 
PREVENT POLE LIFTING OUT 


HOLE MUST BE DUG TO 
REACH SOLID FOOTING 

LEAST ^ 7 CRE05OTE0 ANCHOR PLANKS 

^ APPROVED EQUIVALENT NOT 

EXCEPT IN ROCK 1 .E 35 JUAN 21N X 12 IN X 2d IN. 

SIZE OF PLANKS MAY VARY 
WITH THE CONDITION Of THE 
SOIL BUT MUST NOT BE LESS 
THAN DIMENSIONS GIVEN 

Flos. S«863 and &.864. — Pole bracq. Place brace aa high up on ode ai pracupabtei but not 
above aeocmd croaa-arm. Brace hole must be dug to teach adid footing. Depth ahould 
be At least 2 ft. except in rock. Two creoeoted anchor pilacka or approved equivalent not 
lese ilian 2X12X24 ina. Siae of plaaka may vary with the oooditbn of the adU but nuiat 
not He i«Mi than dimenalotta givea 
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snatch Mode for the bull rope. Where obstnictioiu do not prevent laisnc 
pole with butt at hole proo^ as in fig. 5.859. 

Fifth Method. — Sdiing with water jet. Where digg^ hole to full 
depth by shovel is imiwacticable because of caving soil or sub-suiisce 
water, tte method shorn in fig. 5,860 should be used. 


Rake. — Where practicable comer and dead end guyed poles 
should be raked by “setting in” the butts by an amount not 
exceeding 1 foot for every 20 feet of pole length. Conditiois 
in towns and cities may require that all poles be set vertically. 
^ figs. 5,861 and 5,862. 
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Poles supported by pole braces should be set vertically. Ground braced 
poles diould have their butts set in line. Their tops dtould be set out of 
line away frcan the putt by an amount equal to the gwe whidi is expected 
to take fdaoe when the pole has settled under load. 


Backfilling and Tamping. — ^After the pole is placed in posi- 
tion, fill in the hole with earth, thoroughly tamping it mean- 
while. Where conditions permit, use coarse soil or gravel at 
the top of the hole in filling. Wedge rock firmly around poles 
that are set in solid rock. In rural districts, bank the soil 
around the pole above ground level and pack it firmly. In 
urban districts, do not bank excess earth around the base of 
the pole. Cart it away. 


IF THE POLE BE TREATED. THE WOOD WORK 
OF THE FIXTURE SHOULD BE OF CREOSOTEO 
PINE OR FIR, FRAMED BEFORE TREATING. 
WHERE THIS 15 IMPRACTICABLE USE CYPRESS 
CHESTNUT OR WESTERN CEDAR LUMBER. BRUSH 
TREATED (2 COATS) ON THE JOB 
IF THE POLE BE NOT 
TREATED THE WOOD 
WORK OF THE FIXTURE 
NEED NOT BE TREATED 


aMB 


BLOCKS OF 8 IN. BY fcIN. 
OR GIN BY GIN MATERIAL 
FROM {FT TO Z FT. LONG 


BLANKS 8 IN. X rJ IN. X 5 FT LONG 


CROSS ARM BOLTS 
PROVIDED WITH 
9l^lN X2>4lN 5Q. 
WASHERS 



.DO NOT SURFACE 
SIDES OF POLE 

IN. X 2 IN. X 12 FT 


TOE NAIL ALL CROSS 
PLANKS TO BOTTOM 
OF BRACE FIXTURE 
USING lOaOALV. 
WIRE NAILS. 


Flos. 5,866 and 5,867. — Swamp rig to suppcMrt pole in swampy locations. Where the e»* 
poanre to high winds is not great and where the earth is never extremely soft, a ptatfonn 
fixture without pilina will generally be sufficient. 
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f SEKViCt; IKTIM 
> CDhPULcT 


SERVICE EI^RAMCfi 


0-0^. 


SERVICE ENTRANCE 
WITH ONE SERVICE" 
DROP 


SERVICE ENTRANCE WITH. 
THREE SERVICE DROPS 


^SERVICE entrance 
CONOULETS . 


SERVICE ENTRANCE 
CONOULET 



TOstRvice; 
CASlNETges % 


MINIMUM 
HEIGHT OF 
RIPE 8FT. 







SERVICE DROPS SHOWING FITTnMS 
UNOERSROUND SERVICE DROP AND SWITCH BOX CONNECTIONS 

PROM OVERHEAD UNE 

VARIOUS METHODS OF INSTALLING SERVICE DROPS 
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TEST QUESTIONS 

1 . What should be done before starling an erecting job? 

2. How should poles be ordered? 

3. Where should pole storage yards be provided? 

4. When poles are obtained locally, where should they be 

delivered? 

5. Name four methods of unloading poles from cars 

6. Describe the unloading of poles by culling the slakes. 

7. What may be said with respect to the storage of poles? 

8. Describe the method of unloading poles by dragging 

them off the end of car 

9. How are poles unloaded by derrick and by ropes? 

10. How should poles be placed on highways? 

11. What should be avoided in placing poles? 

12. How should pole corners be located? 

13. How should corner poles be set? 

14. What may be said with respect to grading the line? 

15. What is the difference between a rounded and a flat 

grade? 

16. Explain the method of sighting for grading. 

17. What is understood by 'framing poles"? 

18. Where should framing be done if possible? 

19. How are creosoted poles delivered? 

20. Name the five operations of framing, and describe 

each. 

21. What should be provided on poles which require fre- 

quent climbing? 
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22 . How high should the lowest step be placed from the 

ground? 

23 . Describe in great detail the various methods of erect- 

ing poles from the digging of the hole to completion^ 
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CHAPTER 119 

Transmission Towers 

With the ever increasing tendency to concentrate power 
house units by making fewer and larger installations, spaced 
Either apart, it has become necessary to transmit electrical 
energy over greater distances. 

This involves much higher working vdtages in cnrder to reduce the tran»< 
mission loss to a minimum. The use of high voltage makes necessary more 
efficient supports and also better insulation. Moreover, it is necessary 
to allow more clearance between the ground and the lowest conductor. So 
long as the wires were kept only a short distance above the ground, the 
wo^ pdes made an ideal support for them under ordinary conffitions; but 
vffien hifi^ supports had to be considered, transmission line engineers 
began looking atout for other supporting structures which would lend them- 
selves more readily to all the varying conditions of service. The steel struc- 
ture was immediately suggested as the proper support to take the place 
of the wood poles, and many arguments were advanced in its favor. How^ 
ever, these supped when built of steel were more expensive than the 
wood poles had been, and in order to keep the total cost of the line equip- 
ment down to a minimum, and to make such an installation compare &vor- 
ably with a similar line using the wood poles, it became necessary to space 
the steel supports farther apart, so as to use fewer of them to cover the same 
totigth of line. 

The structures used for supporting high tension conductors 
may be classed as: 


1. Flexible frames; 

2. Rieid towers. 
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Fledble Frames.— These are heavier structures than kt, 
ticed poles because they are intended to take care of loni^ 
^ns. Like the poles, their chief function is to take care pri* 

marily of transverse loads wi^ a 
small margin of safety so that 
under unusual conditicms of 



service they could also provide 
a little resistance in the direc- 
tion of the line. 

Examph. — Distribute a load 
coming in this direction over a ntun-* 
ber of supporting structures, and 
transfer such a load to the still heav- 
ier structures placed at regular inter- 
vals along the line; or the flexible 
frames may transfer all loads coming 
on them in the direction of the 
line to a point where they will be re- 
sisted, by a frame of similar con- 
struction and strength, but which is 
made secure against the action of 
such loads by being anchored in 
direction with guy lines. 

Flexible frames are almost al- 
ways rectangular in plan. Gen- 
erally, the parallel faces in both 
directions will get smaller aa tibe 
top is approached, but often the 
two faces parallel with the direc- 
tion of the line will be of the 
same width from the bottom to 
the top. 


Fu#. 5.S6S, — ^Fteiible A ftmt for single circiilt, 66,0CX> volt line. 


Tratismissioa Towers 


3411 


Tbe goieral aj^pearanoe of a flexible frame is shown in fig. 

&.86B. 



Ugid Towers. — ^Tow- 
ers of this type com- 
numly called transmis- 
sion towers are the larg- 
est and heaviest struc- 
tures made for trans- 
mission line supports, 
and as would be im- 
plied by the designation 
given 'them, they ate 
intended to have 
strength to carry loads 
coming upon them, 
either in the direction of 
the line or at ri^ht 
angles to this directicm. 
They are usually de- 
signed to take a combi- 
nation of loads in both 
directions. 


These towers are built in 
triangular, rectangular, 
and square types, depend* 
ing upon the particular 
conditions under which the 
structure is to be used. 


FiO. S,S69 . — atandard type tranaminkn tower. 


wUum 0/ HaxIMa framM comes from their low cost as compared with the 
ooat of dgid to wers and the flexible feature is of value in case of isolated atiesses created hy 
atmt, fhUiai traes, etc. Where the pin type of inaulator it used, the overhead grousMi who 
is sometimes adviseble, although not always essential where the flexible structures have wnU 
flcientetiadlity to aefdy stand dumng the cnnatniction parted, after which the stabi^^ 
comhietm iiliioes the line in woddng condition. 


3,512 


Transmission Towers 


Whea a plan of the tower at the ground Hne is square in outline, 
each side of the square will be very much larger than in the case of eitiher 
poles or flexible frames. The width of one side of a rigid tower, measuied 
at the ground line, will vary somewhere between about one-seventh and 
one-third of the total height of the structure This dimension js usually 
determined oy tne construction wnicn win give the most econonucal de- 
sign, especially when there are a large number of the towers required; but 
it often happens that the outline of one or more of the structures will be de- 
termined by local conditions which are entirely foreign to the matter of 
ecoiKimy of design. Moreover, the conditions of loading may be such as 
to make a special outline the most economical design. A standard type 
tower is shown in fig. 5,869. 



NOTE. — TranamUaion towera and atructurcl polea. A tow«r id generally aasucied tp 
he B large 4 legged structure . soiDetimes capable of being a Cead end structure in itself, altboui^ 
usually a tower is designed more with the idea of taking care of broken wire coiiditimi better 
than would an ordinary latticed pole. The types of bracing usually are different, the bradfig 
on the latticed pole usually being made up of flats, where the bracing on a tower usildly A 
made up of tight angles or members more capable of taking comptesaive loads. This latter 
type of design in the towei is more economical constructton. 
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Tower Anchors. — Concrete makes the best footing. The 
we4^t of the concrete itself reacts against the tendency of the 
post to pull away from the base because of the tension in thn 
post on one side of the tower. It also offers more bearing 
surface against the earth around the footings and introduces the 



fios. 5,876 and 5,877. — Rock anchor. 
Figs. 5,878 and 5,879. — Earth anchor. 


passive resistance of a larger volume of earth agaii^t the up^ 
lifting tendency of the post on the tension side of the tower. 

When concrete footings are used, the posts are coiuiected 
to them in one of two ways: 

In the first method, extensions of the post sections, whidi ate called 
anc^ stubs, may be built in these foothigs with just sufficient length 
unending atx^’e the ccmcrete so that the lower post sections of the tower 
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may be cxmriected direcUy to llieae andicor stubs may exto^ 

to l^e bottom of the footing or they may extend into the fix>ting8 only fiv 
enough so that the adhesion of the concrete to them will devdbpi tlidlr 
full strength, in which case it will be necessary to add steel reinfcnrcing bars 
from this point to the bottom of the concrete. This is necessary bacatue 
provision must be made to bind the concrete together so that it will not 
break apart imder the uplifting force in the post, and thus defeat its purpose* 



ALL MEMBERS EXCEPT POSTS ARE ZXZX^A^L 



Ftos. S,880 and 5 £81 . — ^Setting template for anchor stuba. Almoet all toweraaie built miBlIar 
at Uie top than at the ground line, mid the tower leg inclines from the vertical aa detenxdfied 
by the outline of the structure, hg. 5,881. The anchor slob generally followi the dscectloii 
of the main tower leg, but when it is put in this poeitkm and suspocuied from a template 
it has a tendency to swing to the vertical position. To obviate this condition the setting 
template should be trussed as here shown. ^ 

The second method consists in having a base at the lower end of the post 
section which will bear directly on the mass of concrete in the footing, and 
which will at the same time be connected directly to this concrete by means 
of long bolts or rods extending well into the mass of concrete, Th^ rodSt 
in this case, would be brought into action only when the post is under 
tenskm. If these rods be straight for their full length, and fairly large, 
thev should be imbedded in the concrete for a length equal to fifty times 
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Towet tre^tiotu firsi pjc %,9ISi,-^Tow€r tt^eHon^ m^nd 9lmaUim< 
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Fig. 5^884 . — Tower erection, third onertdUm, Fic. 5,385. — Toirer /oiirlA 
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their cUameter, in order to develop thdr full brealdxig strength* However* 
if these rods be bent a little near their lower ends* their breaking strength 
will be developed by imbedding them in the concrete fnr a length equal 
to forty times their diameter. 

Provision for binding together the concrete in the footing must be made 
when anchor rods are employed* just the same as when anchor stubs are used* 

Figs. 5,870 to 5,879 show various concrete, rock and earth 
sndiors. 



VIG 5.886 oreeiion, fifth open tiKm. 
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&6CtKNt of Transmission Towers. — ‘There are two methods 
by whidi towers may be erected: 

1. Assembling in permanent position; 

2. Assembling on ground. 

First Method* 

When a tower is assembled by the hrst method, that is vertically* there 
will generally be required a crew of eight men, including one foreman. 
The following equipment will generally suffice: 

One light gin pole, about 25 ft. long. 



tJSS^^’-^Tower mreethn, eighth operation. 
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One set of two-sheave and three-sheave blodcs for M in. diameter inpe« 

About 300 f^t of % in. diameter rope; four hand lines, each about ISO 
ft. long; four small gate blocks lor the hand lines. 

The post members are erected with the gin pole and tackle^ but all the 
other members are pulled up from the ground with the hand lines. The 
time required will be about the same whether the tower be light or heavy* 
The time required will, however, depend upon both the accuracy of the 
febiication of the material and the accuracy of the alignment of the andior 
stubs. 


Second Method* 

When the tower is put together on the ground, the actual work of raising 
it (k>es not consume more than ten or fifteen minutes after all the prepara* 
tions have been made. These preparations and the erection consist of three 
distinct operations: 

1. Leveling the ground where required for the erection equipm^t, and 
blocking up the tower on rough ^oimd and for side hill extensions. A 
crew of seven or nine men including a foreman is required. 

2. Rigging up erection equipment, and bolting erection shoes and struts 
in place, etc. A crew of about twelve men including a foreman is required. 

3. The actual raising of the tower. Sometimes horses are used for this 
operation, but it is often found to be more satisfactory to use a caterpillar 
tractor, especially for raising the heavier towers. One team of horses will 
generally suffice for this work, but it often requires four and sometimes 
six horses, especially in rough country and for raising towera that are un- 
usually heavy. The tractor gives a much steadier pull, and will permit 
of holding the load at any desired point more satisfactorily than wh^ 
horses are used. A substantial A-frame usually built up of steel pipes is 
generally employed for raising the tower from the prone to the upright 
position. A steel cable should also be used in preference to a manila rope 
for this purpose in the case of the heavier towers. 

When concrete footings are used, and this method of erection is em- 
ployed, there is an advantage in having the anchor stubs set and con- 
creted in position in advance of the assembling of the tower. When this 
is done, the tower can be assembled close to the anchor stub and can be 


NOTE . — When tnmtalHn§ a line of flexible framee with an overhead ground wire, the 
builder may uae dead end towers, one about every mile, or may use guyed stmctuies. one 
aboutevery half mile. When aline is guyed in this manner, the head and back guys are usually 
designed to carry the longitudinal tension of one or more of the conductors broken. The 
use of guyed pol^ and structures, as oorripared with self supporting structures, iseconomicpU, 
and Cor this reason they f^re in general rst 
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raiaed about hinges fastened to the tops of the andKM: stubs; but when 
the tower is assembled before the concrete is placed around the anchor 
stubs, it is necessary to assemble the tower a few feet away £tx»n the stubs, 
and then to skid the tower into the position from which it is to be nosed* 
This process of skidding the tower is costly, and is also likdiy to injure the 
tower members. 


TEST QUESTIONS 


1 . What are the conditions that require the use of trans^ 

mission towers? 

2. Name two classes of transmission tower. 

3. What is a flexible frame? 

4. Give the construction of a flexible frame. 

5. What is the chief feature of flexible f reams? 

6. Describe the construction of a transmission tower. 

7. Give the proportions of transmission towers. 

8. What makes the best footing for a transmission tower? 

9. Describe two ways of connecting a post when concrete 

footings are used. 

10. Describe the operation of setting a template for anchor 

stubs. 

11. Name two methods of erecting transmission towers. 

12. How is a transmission tower erected by assembling in 

permanent position? 

13. How is a transmission tower erected by assembling 
on the ground? 

14. How much of a crew is required for the first method? 

15. What equipment is used for the first rmthod? 

16. Does it require more tirm to erect a large tower than 

a small tower by the first method? 
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17 . Name three distinct operations to be performed in ^ 

second method. 

18 . How many horses are necessary for raising a tower? 

19 . Is a tractor better than horses? 

20 . What kind of a frame is employed for raising a tower? 

21 . When the tower is assembled on the ground and con- 

crete footings are used, what advantage is offered? 

22 . What is the objection to skidding a tower? 

23 . What are dead er\d towers? 
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CHAPTER 120 

Stringing the Wires 

There are several methods of stringing the wires depeiuling 
on the size of the installation, equipment available, condition? 
under which the work must be done, etc. 

On the average job, the cxmditions are frequently such that the sdectioo 
in advance oi specific points for sett^ up the re^ is inadvisable (»i ac> 
count of the difficulty of predetermining the length of wire that can be 
strung in one pull. Also, pole lines are often so located that the reels may 
be set up practically anywhere along the line. In such cases, the stringing 
of the wire is usually started at the beginning of the line and the wire pulled 
out as far as practicable; then a new set-up is made. 


The order in which the operations of stringing the wires as 
usually performed on the average job is shown in fig. 5,890. 
They are briefly: 

1. Set up the reels at a starting point A; 

2. Pull the wires out through the first section, the length of 
which is determined by the conditions; 

3. Dead end the wires at the starting point A, and where nec- 
essary place a temporary guy on pole at end of the first sec- 
tion B; 

4. Pull the wires to the proper tension and sag, in the first 
section, locating the apparatus for pulling at the end of the 
section B. and snub the wires at B. 
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5. Tie in the wires after they have been pulled up to the 
proper tension and snubbed. 

6. Continue the operation in the succeeding sections in the 
same mam^, except that the wires should be spliced to the 
wires of the preceding section instead of dead ending them as 
at the starting point. 

7. Remove temporary head guys as the job progresses. 


STARTIN© POINT 



Wbeie the conditions are such that only qiedfic pcnnts are availaUe for 
settinK up the reels and it is practicable to select points from which the 
fire can be run out in both directions, the r^erations of stringing wire are 
oually performed as shown in fig. 5,890. 

^eel Set'ups.— These will depend on various items such as, 



Stringing the Wires 


3,525 


PERMANENT 6UV 


iSNUB WIRES 

•rSPUCt WIRES 


PROCEDURE WHERE WIRE 
IS RUN OUT IN BOTH 
DlRtaiONS 


EMPORARV QUY 


SNUB WIRES 



TEM _ 

6UY5 

ONLY ONE WIRE 
SHOWN FOR 
CLEARNESS 


TEMPORARY ( 


Pig. 5,891. — Diagram to illustrate method of stringing wires where the reels can be set up only 
at certain points. Proceed thus- 1, select first reel location, B, near enough to the startinc 
point A. to permit pulling tlie wire back to the starting point, and at a point which wiU 
pei'mit pulling out the wue in both directions: 2, set up the reels at first reel location B; 3, puU 
wires out from B, toward A, and dead end the wires at A; 4. wliere necessary place temporary 
guy at B; 5, pull wires in section AB, to proper tension from B, and snub the wires at B; 6» 
pull wires out from B, to C. Tie in section AB, while doing this work; 7, splice wires at B; 
8, where necessary place temporary guy at C: 9 .pull wires in section 1^, to proper tension 
from point C, and snub wires at C. 



Fio. 5*892 .«-Multi*reel holder and brake. Use H inch rope to brake the reels. 
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total length of wire to be strung; ixiaximum length of wire 
that can be handled in one pull, etc. The arrangement of the 
reels depends upon the space available, method of setting up 
the reels and the ntunber of wires to be pulled. Where piac- 
ticaUe, set the reels as in fig. 5,892 and locate them far enough 
from the pole to permit the wires to pay out smoothly. 


Pidling the Line. — Ek^uip with a snap fastener each of the 


LCN6TH OF ROPE TO BE ABOUT- 
10 •PER CENT SREATER THAN 
NORMAL LENGTH OF SPAN 



USE ROPE OR LEATHER 

where there is a 

POSSIBILITY OF CONTACT 
WITH ELECTRIC U&HT 
OR POWER CIRCUITS 


Pig. — Apparatus for pulling the line. Where the witea being strung are near electric 

circuits the snap fastemrs should be insulated from the wires with a piece of leather or rope. 
Where the circuits being strung are located on pins on opposite mdes of the pole* as shovm* 
or on different arms, the wires should be attached to two running boards, except where only 
one wire of a circuit is located on the oi;^x>8ite side of the pole. The second running board 
should be attached to the pulling line by a rope, each end equipped with a anap fisstener. 
The second running board should trail the firstboardby adisunceof aboutSft. ThausaoC 
^ a rope pi this lengthen the second board permits the lineman on the advance pole to pass the 
'"i second line to the other side of the pole to the otlier cross arm while the at the 

\ running board is fanning out the wires. The rope hanging from the nmn^ board asiista 
hi preventing the running board turning and can be used in guidh^ the wires fram the 



TEMPERATURE DEGREES FAHRENHEIT I TEMPERATURE DESREB FAHR^Elf 
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♦NOTE.— In running out w^b along the ground, the reels may be placed on a track, aOowing the wires to pay out wii9e 
the truck or wafon k moving ahead, or the wires may be pulled out along the ground with tte reek at a fixed tocatioii* 
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wires to be pulled. The wires shall be fastened to a ruiuung 
board as shown in fig. 5,893 so that the wires can be trai^ 
posed readily. Equip end of pulling line with a snap fastener. 

The wire may be run out, either 

1. Over the cross arms, or 

2. Along the ground. 



Where the poles are short and only a few circuits are to be strung and 
It is practicable to run the wires out along the ground, a wire raising tool 
may be usea, as diown in fig. 5,894. 

When pulling the wires use pulling blocks, strain ^ualiaing Mocks and 
tac^ as shown in fig. 5,895. Do not pull wires of different siaes with the 
apparatus shown. 

Snubs.— The word snub as here used means to Md fast. 
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When it is desired to hold the strain on wire that has just been 
pulled so that it may.be tied in, or to hold the strain on wire 
wlule it is being splic^, the wire should be snubbed as shown 
in fig. 5,896. Where an unbalanced strain would exist on the 
pole, a temporary guy should be placed before pulling up the 
wire. 
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Pn^mties of Wires 
BARE COPPER WIRE 



SIZE 

STANDARD COIL 

FEET or 
WIRE 
PERLE 

MAXIMUM 
LENGTH 
IN FEET 

MAXIMUM 
WEIGHT 
IN LBS. 

MINIMUM 

LENGTH 

INFEH 

MINIMUM 
WEIGHT 
IN LBS 

OQO COPPER WIRE 

4400 

55 

2750 

53 

51.5 

t04 COPPER WIRE 

7950 

290 

2990 

97 

30 5 

l«5 COPPER WIRE 

3/90 

Z90 

1050 

152 

IM 



BARE IRON WIRE 
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The amount of sag is a dmct indication of the tension in the wire. A 
sim^andaocuiate method of measuring sag is by the useof targ^ I^oed 
on the poles bebw the cross arm as shown in fig. 5,899. The lineman 
s^ts from one target to the other. The tension of the wire is then in- 
creased or decreased until the lowest point on the wire coincides with the 
line of sight. s 


SAe 
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Locstioii of CSrcuits. — ^As far as possible, wires and circuits 
diould be kept in the same position on the poles in orda* to 
facilitate the tracing of circuits, and to prevent accidents due 
to misunderstanding as to the service the various wires on the 
pble supply. 

A rule often followed in stringing power lines, to identify 
the phases of a three phase circuit is as follows: 

When the lineman standing under a circuit has nis back to the source 
of power (sub-station or generating station) phase A, should be the left 
ha^ conductor, phase B, the middle conductor, and phase C, the right 
hand conductor. The circuit thus runs ABC, from left to right. 







^91 









— c 







El 









1 




Fig. 5,900 . — of wirot on intutmtorw. 1. Straight lines. 



"Furthermore, the conductors of a given circuit should be grouped to- 
gether. In case of a three wire secondary circuit on cross arms, the neutral 
wire sitould be located in the middle of the other two wires. 

In case of a three phase four wire feeder, the neutral wire should be 
plac^ next to the pole. One line wire should be placed on the same side as 
the neutral and other two line wires on the other side of the pole. On 
alley or side arms, the high voltage circuits diould be placed on the ends 
of the arms and the low voltage circuits near the pole. In this way the 
danc^ of accidents is greatly reduced. 
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Portion of Wires on Insulators. — On straight sections tie 
the wires to the insulator in the position shown in fig. 5,900, 
except where wires are displaced due to transposition or shift- 
ing of pins. 
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In these latter cases, tie the wires so that they win putt against 4ie in- 
sidators. On curves and comers tie the wires to the insulators so that 
the putt of the wires will be against the insulators, as in fig. 5,901. Where 
necessary, shift pde pins to prevent wires beating against pole. 

All wires at transposition poles and at poles adjacent to 
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tranqwsitkffi poles should be tied so as to pull against tl» in- 
sulator. 

On bradcet lines tie the wires chi the side of the insulators toward the 
pole, except where the insulators are on the outside of ccMiier pcde. In the 
btter case, tie the wires so that they will pull against the insulatorB. 

Tying. — Copper line wire must be tied to the insulator with 
copper tie wire as shown in figs. 5,907 to 5,910. Fig. 5,911 
shows method of tying galvanized iron and steel wires. 
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Size of Tie Wire. — The following table gives the proper 
of tie wire to be used with conductors of various sizes: 


Size of Wires 


Size of Line Conductor 
(B. & S. Gauge) 
No. 4 and smaller 
No. 1 to No. 4 
No. 0 and larger 


Size of Tie Wire 
(B.&S. Gauge) 
No. 6 
No. 4 
No. 2 


NOTE . — The He wire, in general, should be of the same kind of wire at the line wire, tf 
the line wire be a bare conductor, tlic tie wire should be bare also, and if the line conductor 
be tfieulat^, the tie wire should also be insulated. Copper tie wires should be used with 
copper line conductors, and aluminum tie wires with aluminum line conductors. The tie wires, 
however, should always be made of soft annealed wire as hard drawn tie wire wouM be too 
brittle and could not be wrapped snugly. A hard tie wire might also injure thelineoonductdt 


Equivalents 


Length 


To convert 

Multiply by 

To convert 

■ ■ ' ■■ '.'.TMTgai 

Multiply by 

Inches to mils 

1,000. 

Mils to inches 

.001 

Inches to millimeters 

25.4 

Millimeters to inches 

.03937 

Inches to centimeters 

2.54 

Centimeters to inches 

.3937 

Inches to meters 

.0254 

Meters to inches 

39.3701 

Feet to centimeters 

30.48 

Centimeters to feet 

.03281 

Feet to meters 

.3048 

Meters to feet 

3.2808 

Y^rds to centimeters 

91.44 

Centimeters to yards 

.01094 

Yards to meters 

.9144 

Meters to yards 

1.0936 

Yards to kilometers 

.0009144 

Kilometers to yards 

1,093.6 

Miles to meU'rs 

1,609.34 

Meters to miles 

.0006214 

Miles to kilometers 

1.6093 

Kilometers to miles 

.6214 
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Equivalents — Continued 


V^ume 


To convert 


To convert 

Multiply by 

Cu. ins. to cu centi- 


Cu. centimeters to cu. 


meters 

16.3862 

ins. 

.06103 

Cu. ins. to liters 

.01639 

Liters to cu. ins. 

61.024 

Cu. ft. to liters 

28.317 

Liters to cu. ft. 

.03531 

U. S. bushels to bushels 


Bushels (Eng.) to U. S. 


(Eng.) 

.9688 

bushels 

1.032 

Cu. ins. to U. S. bushels 

.000465 

U. S. bushels to cu. ins. 

2.150.4 

Cu, ft. to U. S. bushels. 

.8035 

U. S. bushels to cu. ft. . 

1.244 

Liters to U. S. bushels. . 

.02838 

U. S. bushels to liters. . 

35.24 

U. S. gals, to Imperial 


Imp. (Eng. gals.) to U. 


(Eng.) gals. 

.8336 

S. gals. 

1.1997 

Cu. ins. to U. S. gals. . . 

.00433 

U. S. gals, to cu. ins. . . 

230.98 

Cu. ft. to U, S gals 

7.482 

U. S. gals, to cu. ft. . . . 

.1336 

Liters to U. S. gals 

.2642 

U. S, gals, to liters 

3.785 


Weight 


To convert 

Multiply by 

To convert 

Multiply by 

Grains to grams 

.0648 

Grams to grains 

15.432 

Ounces to grams 

28.3495 

Grams to ounces 

.03527 

Ounces to kilograms 

.02835 

Kilograms to oun^ 

33.274 

Pounds to grams 

453.59 

Grams to pounds 

.002205 

Pounds to kilograms 
Tons (long) to tons 

.4536 

Kilograms to pounds 
Tons (short) to tons 

2.2046 

(short) 

Tons (short) to kilo^ 

.8929 

(long) 

Kilograms to tons 

1.12 

grams 

Tons (long) to kilo- 

907.19 

(short) 

Kilograms to tons 

.001102 

grams 

1.016.047 

(long) 

.0009842 
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Equivalents — Continued 


Power 


T r' r- 

To convert 

Multiply by 

To convert 

Multiply by 

Horse power to watts 

*746.0 

Watts to horse power 

.001341 

Ft. lbs. per sec. to watts 

1.356 

Watts to ft. lbs. per 

.7375 

550.0 

44.25 

Ft. lbs. per sec, to h.p. 
Ft. lbs. per min. to 
watts 

,001818 

.0226 

sec. 

h,p. to ft. lbs. per sec. 
Watts to ft. lbs. per 
min. 

Ft. lbs. per min. to h.p. 

.0000303 

h,p. to ft. lbs. per min. 

33,000.0 

Kilogram-meter per sec. 


Watts to kg. meters 

.1020 

to watts 

9.807 

per sec. 


*This value depends on gravitational force at different latitudes and is 
746 at latitude of London 
736 at latitude of Berlin 
745.7 for latitude 45^ 


Miscellaneous Factors 


To convert 


Multiply by 


Resistance at 20*^ C. to resistance at 60® F 9827 

Resistance at 60® F. to resistance at 20® C * 1 .0176 

Ohms per kilometer to ohms per 1000 feet ,3048 

Ohms per 1000 feet to ohms per kilometer 3.2808 

Pounds per 1000 feet to kilograms per kilometer * 1.486 

Kilograms per kilometer to pounds per 1000 feet 6719 
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TEST QUESTIONS 

1. Is there more than one method of stringing the wires? 

2. What are the conditions met with on the average job? 

3. What is the order in which the operations of stringing 

the wires are usually performed? 

4. Upon what does the reel set ups depend? 

5. Draw a diagram illustrating method of stringing wires 

where the reels can be set up only at certain points. 

6. Describe an apparatus for pulling the line. 

7. What is a snap fastener? 

8. How should wires be run out along the ground? 

9. What should be used in pulling wires? 

10. What is a snub? 

11. Define the term sag. 

12. Describe the method of snubbing wires used with 

come alongs. 

13. What does the amount of sag signify? 

14. Give a simple and accurate method of measuring sag. 

15. What may be said with respect to the location of 

circuits? 

16. Give a rule often followed in stringing power lines. 

17. Describe the position of wires on insulators 

18. How are transpositions made? 

19. How should wires be tied to insulators? 

20. How are tie.s made on bracket lines? 
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21. Give the method of making a dead end. 

22. What size tie wires should be used? 

23. Should the tie wire be of the same material as the 

line wire? 
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CHAPTER 121 

Catenary Construction 

The catenary system derives its name from the curve formed 
by a flexible cable suspended between two supports and in its 



5,916.— Cnfenary conatruetton Jf. Bracket construction, lightning arrester and feeder 
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siiQple form amsists of a steel messenger cable supported tm 
insulators and thus forming a catenary curve. 

The catenary system of line construction, althoui^ devdr^xsd 
for hi^ voltage roads, possesses so many desirable character- 
istics fn»n the operating standpoint that it has wide applica- 
tion fear all t3rpes of electric traction. 



Catenary construction is well adapted for the efficient insulation of v^- 
a§es much in excess of present practice; it affords the best current collection 
for all types of wheel or slipper collectors at any speed and lends itself to 
the medtanical requirements of long spans and mulliide track and yard lay- 
out. When well installed it has long life and gives efiSdent service with 
low maintenance. 

A catenary construction consisting primarily of a single steel 
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messenger cable and a copper contact wire supported by tick- 
ets or cross spans spaced 150 feet apart on tangent trades, with 
contact wire supported from the messenger wire every 30 feet 
is the simplest and most economical form of cmistruction for 
the modem interurban line using wheel coHectrna and having 
car speeds of 40 miles per hour or higher. 

Modifications of this simple construction, to meet the requirements of 



Pig. 5.922 . — Catmnarjf conatrttetion 6, Span anchor oonatniction for pantograph coOactot 
ahowing a method of aectionalixing and anchoring a apan line for panto^ph coUectort only. 




PiG8. 5,923 and 5.924. — Ca^enarp conatruction $, Connecting linka for tom oata and 
ctnaainga. The rigid and adjustable pull off linka are for use in holding the Uoliey wire in po- 
tion at turn out and croaaing pointa on the line, providing a amooth tranaition of the panto^ 
graph collector from one wire to the other. The rigid linln are 8 inchea long and aevenl nay 
^e used to parallel the wiiea if the divergence angle be amaU. By uaing variooa ka^tha of 
pipe, the adjuatable linka are made up to ppaok the deaeaaing diatanoe between the whaa 
approaching the point of croaaing or turn out. 
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speeds and pantograph collectors used in heavy interuihan and trunk 
line service, are made by shortening the distances be^een the contact wire 
supports to 15 feet, which will result in a perfectly levd runway for t^ 
pantograph collector. 



Fir«. 5.925 . — Catenary eonMtri<tcttmn 7, Pull off spreader with pull overyoke for trolley wheels 



Flos. 5,927 to 5,929.*-^atenars eonetruetian 9. Catenary cross apons for single tfack. 
Fig. 5,927. for tangent track single insulation; fig. 5.928. for timgent or curve steady oonstnic 
tkm; fig. 5.929, for curve pull cif. double ?nwlatk)n. 
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Furflier modificatiom aie in service, eudi as the use of a oomier mea 
senger wte vhidi acts as a feedo’ wire, as weO as steel or bconse oootart 
wires which give iocteased strength ai^ wearing qualities to the contact 
wires. 

In the catenary system the trolley or slipper wire is sus- 
pended below the steel messenger cable by hangers at shcvt 
intervals and of such lengths that the trolley wire is a straight 
line without sag. 


There are various modifkaituns of the simide construction such as the 



■ 




1 


1 

1 










Figs. 5,932 and 5,933. — Clafenarjf conntruetion 11. Method of sectionalisInK line showing 
air break anchor constructkm. 


use of a copper or aluminum feeder for the messenger or a steel or alloy 
slipper wire hung from the copper trolley wire to take the wear and intro- 
duce a small degree of flexibility where rigid hangers are used. 

Compound catenary consists of a track messenger strand 
supported by insulatcns which are stispended from a main 
grounded messenger supported on bridges. 

There ate otllier oombinatkBis which have been develc^>ed to meet certain 
conditions but the best practice ordinarily is to keep the construction as 
simide as possible. 

In ilexitde construction, the hanger whidi suspends the tndley from the 


3,548 


Catenary Construction 



messenger is grimed to the trolley 
wire and loo^ly looped over tte 
messenger to permit a free move- 
ment of the trolley vertically. 

In rigid construction, the hangers 
are rigi^y attached to tx>th the mes- 
senger and the trolley. Assuch con- 
struction tends to produce 'liard 
epots*’ in the trolley at hanger points 
it is customary to suspend a i^f^ier 
wire below ^e trolley at points 
intermediate of the hangers thus 
giving just enough flexibility to re- 
move the **hard spots." Both con- 
structions are in successful use and 
both have points of merit; in design- 
ing a new line care should be u^ 
not to have it too rigid or too flex- 






HI I' 

:'3 3i 

li rT 


ible as both extremes lead to trouble, 

. For the heaviest 

T construction, the 

n iniroduction of a 

second or auxiliary 
^ messenger wire per- 

mits an increase in 
\ the distances be- 
^ tween the line sup- 
^ ports, which may 
— ■/ be steel bridges 
frcmi 240 to 300 
feet apart. 


Figs. 5,934 to 5,936 . — €)Btmnary mattfriaU i. General Electric insulator pin and insulator. 
The pin shewn in fig. 5.934, is for *‘T'’ iron brackets; it can be adjusted along the bracket 
arm longitudinally. The diameter at the top ia inch and is suitable for cementing in in- 
sulators having IH inch diameter pin hole. The messenger or pin type insulator figs. 6,935 
and 5,936, is adapted for use on voltages up to and including 3,000 volts. It is recom- 
that insulators be generally purchased assembled on the pins so that piurehaiers 
may teve the benefit of the high voltage shop test after assembling. When assembling 
the insulators in the field, the cementing diouki be done with a good grade of neat Bortlaiid 
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Catenary omstruction is well adapted to any voltage, but 
special consideration should be paid to the design of all in- 
sulation in anchorage and strains for the higher voltages. 

Because of the importance of maintaining the wires in correct location, 
the tensions in both messenger and trolley are carried higher than in direct 
suspension systems with the result that all anchorages and strains are under 
lugh loading. 

For single track lines, wood poles with steel brackets may 
be used, on double track, cross spans from wood poles with 
the poles carefully guyed. 

For heavy service, the steel bridge or steel poles with cross 



Figs. 5.937 and 5.938 . — Catenary materlaU General Electric span wire messenger sup- 
ports. They arc used for the attachment of the messenger cable to the cross span and are 
used throughout tangent and curves in cross span constniction. except when replaced 
at anchorages by anchor clamps. Ihe supports are arranged for adjustment to any angle 
between the messenger and spar wires. Fig. 5,937, shows the support which is intended for 
use in ordinary line construction, and fig. 5,938 a suppiort which is especially adapted for use 
In yards where many tracks are spanned, the regular cross span wire being picked up at the 
messenger supports and attached to another cross span wire located above. Both supports 
are arranged for % inch span wire and inch to inch messenger wire. 


spans make a more substantial construction and reduce the 
amount of guying that is found necessary with wood pole 
construction. 

With wood pole bracket construction, the messenger must be free to 
move longitudinally at the insulated support so as to maintain a uniform 
tension and thus relieve the bracket of strain. 

With steel bridge construction, this movement between the insulator and 
messenger may be prevented and each span designed to take care of its 
own changes in tension. 
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Tendpfirature, wind and ice change the tendon and sag and 
must be carefully considered in the design. 

Hie oonstructiof i must be aticfa that the tenacm in all wires is below thdr 
elastic limit when they are subjected to their xnazimuin wind axid ice loading 
and mmimum temperature. It is also important that the stringing of the 
wires Ve done in accordance with a temperature tension sag chart, shown in 
fig. 



Ftas* 6»S39 to 5,943 j— C^ ofiarp mmtmriala I. Various General Blertric tanfent ] 

The atraigfat line hanfeia for supporting the troUe 7 wire from the m ess e n g e r cable ereliso* 
vided with various iorme of loops or flexible connections for attaching to the memengsr cable, 
and different forms of mechanical clamping ears for fastening to the troUey wire. The 
Ilexihle coonbction or loop hanger for uee between messenger and trolley wire permite of a 
Irae vertical movement of the tixdley wire and hanger from the upward pressure of the 
eoUeeting device, thus eliminating any pounding ur hammer blow directly underneath tte 
hanger thereby meterially increeahig the life of the trolley wire itielf . 


As one of the advantages of catenary constniction is the 
stralfl^t trolley without sag, the distance between hangers is 
impcartant. 

Ibneer pacings vary £ram 10 to 50 fleet, but it has beonae c omm o n 
laactke to use a aombal apadog of 15 feel for a paotogiaoh or eUding 
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Pole Spadngs. — wood poles, pde spadngs as hig^ aa 
180 feet may be used but 150 feet is ccHumon practice (or tan> 
gents. For steel bridge construction spadngs as great as 300 
feet, on tangent, are in use. 

Corves. — ^The construction of curves is one that requires 
c(»id4erable study as there ate a number of points which 
must not be overlooked. The trolley is located with reflect 
to the degree of curvature and curve elevation of the track. 



Fig. 5,945.— Catenary curve diagram. 

This must be corrected for the side swing of the pantograph or collector 
and the magnitude of this side swing depends upon the height of the trolley 
wire and the spring action of the trucks. The transition at the ends of the 
curve introduces another correction that requires careful treatment. There 
are curve cont:tnictions that can be laid out to produce an ideal condition, 
but if the construction be not capable of easy adjustment to accommodate 
track realignment or changes in supporting structures it will devebp troub- 
les in operation and high maintenance . 

A good curve construction must hold the line in place, but 
be capable of being easily tuned up and must provide, at all 
times, a smooth underrun for the collector. 


Where pentogrr^ihs are used, care must be taken to keq> all puU-ofie 
dear of tte swing of the collector pan or roller. The general practice is to 
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have a dearanoe of 6 inches above the trolley wire at a distanoe of 3 feet on 
each side. 

Where poles are located on the outside of curves having large radii (1 
degree or less), a single line steady or pull off, located underneath the 
bracket, may be used, thus avoiding the expense of erec ting a ^'back bone^' 
construction. 


The Standard construction for wheel operation consists of an 
ear, yoke, strain insulator and eye bolt. 

Where poles for wheel operation are located on the inside of curves of 1 




% 


ViOS. 5.946 and 5,947 . — Catenary matertaU 4. General Electric pipe pull offs. In figa. 5.946 
the 1^1 off ia made of pipe, the ends of which are formed into eyes. One tjt ia used to 
attach the puilbff wire and the other to bolt on the ear. The distance between the off eye 
and the ear is 3 ft. which provides a clearance of 6 inches for the collectorB. The diameter of 
the eye is H inch. All parts are sherardised. It is suitable for slider or roller ooUectoro only. 
The pull off arm. shown in fig. 5,947, is made of pipe, one end of which ia formed into an eye 
and the other into a button head. The eye is used to attach the pull off wire, and a pair of 
FormL, clamping jaws are attached to the button head for holding the trolley wire. This piill 
off is 36 ins. long between the center of the eye and trolley wire, and can be used in oonnectioa 
with either slider or wheel ooUectors. All parts are sherardiaed. This puli off is generally pre- 
ferred on account of its light weight. 

degree or less, alonger bracket supporting an outer end drop casting should 
be used together with an ear, yoke, and strain insulator. A 10 ft. ann 
readily provides clearance and flexibility for this construction on 150 fU 
rcAt spacing on 1 degree curves. On all curves above 2 degrees, the back 
iXme method of construction is recommended for wheel operation. One or 
more pull ofifs per span may be used, depending on the radius of the curve. 
The flexible off construction, fig. 5,944, readily permits operating 
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arouad curves at the maiiinum speed permisrihie for the curve. This cua- 
structfon is prelened where posabk. 

For wheel operation where poles must be located on the inside of tiack on 
curves of more than 1 degree, the back bone method of construction may 
be 8tq)ported by outer end drop castings as shown in the illustration. This 
construction should be limited to 6 degree curves as a maximum, because 
above this the pole spacing required is necessarily so short that cross span is 
more eoonomi^. The bracket arm should be at least 12 feet long, and 
some conditions require a 14-foot arm 

On long stretches of tangent track, it is often advisable to 
inafall line steadiers to prevent a swaying motion which may 
be set up by the passing collector. 



Pig. 5.948. — Cot^fiarif matmriaU 5, Genera] Electric steady braces. The steady brace for 
600 and 1.500 volt lines consists of a malleable iron bracket casting, a wooden body, go^ 
neck rod. and claminng ear. Lateral adjnatment is obtained by moving the bracket casting 
along the bradeet arm. It is held in position by a Min. cup set screw. The brace here shown 
is sttitaUe for standard sises of T iron. 

For whed operation, an outer end drop casting supporting an ear, doubto 
curve yoke, and strain insulators inst^ed every 600 or 1,000 feet viE 
effectively overrxnne any tendency in the line to sway. 


Catenary Ftanmalse. — On curves, the distance between mes* 
senger supports (pole spacing) is reduced to prevent too great 
a deflectkni at the center of the span. 

Tlie deflection at the center of the span O’ at the center between puS-efis 
can be foond from the formula: 
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Where 

D^Deflection (middle ordinate) at center of span or between ptdl-oSs 
in inches. 

, RwRadius of curve iafeeL 

S^Length of span or distance between pull-offs in feet. 

It is good practice to keep this deflection between pull-offs under 6 inches 
and the deflection angle for wheel operation under 6*". 

In fig. 5,945, the general equation of the catenary AEG, with the oiigln 
O, at a distance h, below the curve £, is 



Flo. 5,949.— CSB5«fiirr|f maieriata S. General Electric butt end trolley wire jointing ileeveii 



Pmi. 6,9B0 and 5,951 — CateiuD’ir mafcriale 7. Ohio Braae Co. pull off bansert. Uaed UK 
oarya oonatruction where it i« neoeMary to puU meaeenger and trolley into poiitkm. Coo* 
aletaofa Hin-steelrodibapedaeabown. The upper end is fonned into a loop which 
a flesible connection with the meerenger and the lower end is equipped with a m a l le ab le 
iron cUunp which will fit 2-0 to 4<0 grooved trolley wire or an eatruded ear which fits 441 
groovedwUe. Itod can be inataOed in a porcdaln strain iniidator aa shown, bateie danip 
iainstallad. 
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where “e” is the base of the Naperian (hyperbolic) system of logarithms 
(e«i2.7183). Where the sag is small in proportion to the length ot sim, 
which is usually the case on railway catenary or transmission construction, 
the curves of a parabola will fill all the conditions of the catenary within 
practical limits of measurement. 

Substituting the parabola formula. 


y *= A4 -~t (2) 

T* Total tension in wire in pounds. 



Figs. 5.952 to 5.954. — Catenary materiala 8 . Various Ohio Brass Co. messenger clips. 
They are installed by hooking dip over messenger wire, turning rod until upper end grips 
messenger tightly, l/scd with any ^ or ^ in. rod. The clip shown in fig. 5.954 Ims a 
(XMicealed nut for threading on to ^ in. rod. Tightened onto messenger wire with bolt. 

W«Load in pounds per linear foot of span (including weight of wire), 
S=* Length of span infeet^AQC. 

Deflection or sag at center of span in inc^s^^BE. 

L» Actual length of wire in Jeet^hEC. 



Ptom (2) tuad (3) the (ollawing useful formulm are dkrivtd: 
(Founds) 

2D 


W 
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ancbes) D-|^ 

(5) 

The length of the wire in the span is 


(Feet) L-S+^ 

(6) 

(Inches) D-\/54S(L-S) 

(7) 


The length of hangers is y Where 6 is the distance in inches the 
trolley wire hangs below the lowest point of the messenger, E. Six indies is 
the generally accepted standard but may be changed if desired. 


Hanger length in inches* -= h6 (8) 



Pigs. 5,955 to 5,957 . — CaUnary materiaU S. Various Ohio Brass Co. duplex clamps. 
They are used where it is desired to install two trolley wires — a steel contact wire because 
of its wearing qualities and a copper wire for feeder, the latter being supported from a mes- 
senger in the same manner as when single catenary construction is used . Installed midway 
between regular catenary hangers, thus providing greater flexibility. Qamps completely 
encircle upper wire but allow longitudinal movement. 


where x, is the distance (feet) from the center of the span to the hanger in 
question. Hanger lergth is measured from center of messenger to center oi 
trolley wire. 


Sag in Spans.— The curves fig. 5.971 show the relation of 
tension to sag for the spans shown in figs. 5,958 to 5.970 and 
also diow the effect of temperature changes. These sag curves 
are plotted bom the fomula 
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Pm. 6,9M; to 5,9W.— Haneer lengths for 150 ft. pole spacing on tangents and proper fliortar 
and pull off locations for curves. Hangers spaced 15 ft. for pantograph or whco/ 

collector. The curves figs. 5.971 and 5,972 aie(»lciil**^»«f these spans. 
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The tempoatote curves show that if the tndley wire be a 
rtiaifi^t line at 60° it will be curved tqmard wten the tem> 
perature falls and sag down when the temperature rises. The 
Ranged tendons and sags are shown at the intersectioas of 
the tmnperature and sag curves. These curves are calculated 
from constants and in practice the results will vary from the 
calculated quantities. 

Messenger strand should always be pulled up to the ap* 
laxudmate wcM'ldng tension and be permitted to tkke its initi^ 
set before andioring it for the required sag. Variations in 
tendon and sag due to temperature dhanges may not be as 



gr^t as shown in the curves because of the flexibility of p(^ 
and anchorages, but when poles and anchorages are rigid the 
changes shown will take place. 

The curves in fig. 5,972 show the sags and temperature 
dianges for the same in. steel messenger and spans as in 
fig. 5,971, except that the messenger is unloaded. Fig. 5,972 
is useful in erecting the line as it shows the tendon and sag 
to pull the messenger to befcoe suspending the trolley wire 
and hangers. After the trolley wire is suqiended the condi* 
tiom are sa diown in fig. 5,971. 

Ice and Wind Loads. — In figuring ice and wind knuls it is 
.mstomary to assume an ice coating H in<^ thickness and 
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a wind pressure on the ice coated wire of 8 pounds per sq. 
ft. of projected surface. The weight of ice is figured at .0^ 
lbs. per cu. in 

F(m: districts not affected with sleet fcnmoation a maximum 
wind pressure of 30 lbs. per sq. ft. of projected surface is fre- 
quently used as the limiting condition. In all cases find mini- 
mum and maximum temperature from the Weather Bureau. 
The Bureau of Standards issues publications dealing with the 
loading of wires. 




Pios. 5,974 and 5,975. — Ohio Brass catenary messenger splicer and dead end. Fio, 5,974, 
cable sj^ioer; fig. 5,975, dead end. 



Fio. 5.975.— Ohio brass catenary messenger caWe dead end or Strain insulator. 
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TEST QUESTIONS 


1 . From what does the catenary system derive its name? 

2 . Describe a simple catenary system. 

3 . For what conditions is the catenary system well 

adapted? 

4 . Draw a sketch showing span anchor construction for 

pantograph collector. 

5. How are connecting links installed for turnouts and 

crossings? 

6. What is a pull off spreader? 

7 . Describe a flexible pull over for pantograph. 

8 . Draw a sketch of catenary cross bands for single track. 

9 . What is a duplex catenary? 

10 . Draw a sketch showing method of installing catenary 

section insulators. 

1 1 . Describe the method of supporting the trolley or slipper 

wire. 

12 . What is a compound catenary? 

13 . Is catenary construction well adapted to any voltage? 

14 . What kind of poles may be used for single track lines? 

15 . What kind of supporting structure should be used for 

heavy service? 

16 . Why is the distance between hangers important? 

17 . What spacing should be given to poles? 

18 . Describe the catenary construction on curves. 

19. What is the requirement for a good curve construction? 

20 . What precaution must be taken where pantographs 

are used? 
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21 . What should be provided on long stretches of tangerU 

track? 

22. Describe the construction of steady braces. 

23. Give the various formulae used in the design of cate- 

nary systems. 
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CHAPTER 122 

Wiring Underground 

An underground system of electrical conductors is com* 
posed of three essential elements: 

1. The conductor; 



The various undei^tound systems may be divided into three 
classes: 

1. Lead encased cables laid directly in the ground; 

2. Solid or built in systems; 

3. Drawing in systems. 

Where cables are laid directly in the ground, the metallic 
covoing, cmisisting usually of a lead tube which is idaced over 
the insulation is depended upon for medianical protectimi. 
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Such cables are largely used for 
short private lines and the first cost 
is less than that of the others, but in 
case of repairs they have to be dug 
up. 

The conduit of the solid or 
built in systems consists of steel 
pipe or concrete trenches, and 
that of the drawing in system 
consists of various forms of pipe 
or troughs of iron, earthenware, 
concrete, wood or fibre, etc. 

Conduits. — There are numer- 
ous kinds of conduits, and they 
may be classified with respect 
to material, as 

1. Vitrified clay; 

2. Wood; 

3. Fibre; 

4. Metallic. 

Vitrified Clay Conduit. — By 
definition, vitrified clay is a clay 
which has been subjected to in- 
tense heat so as to receive a glassy 
surface which renders it proof 
against chemical action. 


Pig. 5.4»62.-*-Natco 2 Uuct tfansposition conduit; typical aMcmbly. 9CP combination l.h and 
r J assembly. Total length 16 ft. Another use of this shape is to provide a 18(P asseitiblv 
either r.h. or Lk. in a distance of 16 ft. for the purpose of reversing the position of top and 
bc^tdm cables. 
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Jt has very high insulating prop- 
erties which make it very valuaMs 
for conduits in underground wit- 
ing, being at the same time in- 
expensive and easily laid. 

The conduits are made in both 
single and multiple duct, the sini^ 
type being about 3H inches in diam- 
eter, or 3}^ inches square, and 18 
inches long. Multiple conduit is 
made in two, three, four, six and 
nine sections, langing from 2 to 3 
feet in length. 

Single conduit is best suited where 
there is great crowding of gas, water 
and other pipes, as the conduit can 
be divided into several layers so as 
to cross over or imder such pipes. 

The multi'duct conduit can be 
laid somewhat cheaper, especially in 
lines of about two to four ducts; it is 
best suited to districts free from sub- 
surface obstructions. 


Laying Vitrified Qay Pipe 
Conduit. — In laying the conduit 
a trench is dug, usually suffi* 
ciently wide to allow the placing 
of three inches of con^te <m 
each »de of the ducts, and suffi- 
ciently deep to hold at least 
thirty inches of concrete oti top 
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of the ui^ier layer of coiKtete forming the conduit, and to 
allow for three inches of concrete in the bottom. 

The trench is s^ded from some point near the middle of the block to the 
maiihole at each intersection* or from one manhole to the next manhole* at 
a gradient not less than 2 inches to 100 feet. 

The tiles of the several ducts are placed dose together* and the joints 
plastered and filled with cement mortar consisting of one pait of Portland 
cement to one part of sand. When the conduit is being laid* a wooden 
mandrel about four or five feet long* three inches in diameter* and carrying 
at one end a leather or rubber washer from three to eight inches larger 



Fig. 5,984. — Method of laying single duct vitrified day conduit. The tiles of the several ducts 
are jriaeed close together as shown in the figure, and the joints plastered and filled with 
cement mortar consisting of one part Portland cement and one part sand. 

Fko. 5,985. — ^Method of laying multiple duct vitrified rlay conduit. The sectione are centered 
by the dowel pins ehown in the cut. 


is drawn through each duct so as to draw out any pEu^des of foreign matter 
or cement which may have become lodged in the joints* and also to insure 
good alignment of the tiles. 

Single duct conduits are usually laid by bncklayers. This fact accounts 
for the somewhat greater cost of the single over the multiple conduit whidi 
is usually laid by ordinary laborers. One good brick layer and helpet . how- 
ever* will lay from 200 to 300 feet of single duct conduit pdr hour. 


Vitrifled Clay l^ngh Condnit.— It consists of trough either 
eirntde or with partitions as shown in fig. 5,986. 
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They are usually made in tdes 3 or 4 indies square for eadi oonqiaxt- 
menti with walls about one indi thidc. The length of die tiles ranges from 
two fo four feet. Each of the two foot form duct troughs weighs about ^ 
pounds. When laid comidete. the top trough is oovmd wi^ a sheet of 
mild steel, about No. 22 gauge, made to fit over the sides so as to hdd it in 
position, and then covered over with concrete. 

LajifiS Trough Conduit. — In laying multiple duct earthen- 
ware conduit, the ducts or sections are centered by means of 
dowel pins inserted in the holes at each joint, which is then 
wrapped with a six inch strip of asphalted burlap, fx damp 
che^ cloth, and coated with cement mortar as sho,vn in fig. 



Fig. 5.986.^Vitrified clay or earthenware trough conduit; this type of conduit ocmeists of 
troughs either simple or with partitions, the latter type being shown in the ftguro. 


5,985. Economy of space and labor constitutes the principal 
advantages derived from the use of multiple duct conduit. 

Ckmerete Conduits. — These are usually constructed by plac- 
ing collapsible mandrels of wood or metal in a trench where 
the ducts are desired and then filling the trench with concrete. 

After the concrete has solidified, the mandrels are taken out in pieces, 
leaving continuous longitudinal holes uiiich serve as ducts. Some buiktera 
ivoduoe a «milar result by placing tubes of sheet inm (h- zinc in the concrete 
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as it is being filled into the tieacli. These tubes have jnst enoagii shoig^ 
to vithstai^ the pressure to which they are subjected, and are, tbeiefore, 
very thin and liaUe to be' quickly destroyed by corrosion, but tite diu^ 
famed by them will always remain unimpaired in the haidmied mass of 
concrete. 


Wooden Ckrnduits. — In this type of conduit, the ducti are 
f(»7ned of wooden pipe, troughing or boxes, and constitute 
the simplest and cheapest form of conduit. 



F 1 GS 4 5.987 and Wooden Fie« type o conduit showing feitoale and male endhr 



Fiq . 5,9B9.^Perepective view of wooden built-in conduit . it eonuUts of an outer ret^tangular 
casing of wood which is lined inside with impregnated felt, /n conetruciion, » wooden 
trough is laid in a trench about 18 inches deep. Porcelain carriers are placed in the trough 
at intervals of 4 to 5 feet, to act as bridge work for supporting the conductors. Thi i bridge- 
work is placed on and is surrounded by impregnated felt or similar material, and tl e spaces 
between the carriers, after the conductors have been placed in position on them is hlled 
with voltax, whi^ hardens rapidly and forms a solid insulating material througliout the 
tondtiit. 


A pipe conduit consists of pieces of wood about 4}^ inches squa^e^ and 
three to six feet long, with a round hole about three inches in dimneter 
beared through them longitudinally. As shown by hg. 5»988 a cylindrical 
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projection is turned on one end of each section, which, when the conduit is 
laid fits into a corresponding recess in one end of the next section. Thesec 
tions are usually laid in tiers, those of one tier breaking joint with those of 
the tiers above or below. 

The trough conduit consists of ducts about 3 inches square made of 
horisontal boards and vertical partitions, usually of yellow pine about one 
incliin thickness. This form of conduit can be laid in lengths of 10 and 12 
ft., or it can be built along continuously. The life of woo^n conduit may 
be increased by the application of sterilizing processes. 


Wrought Iron or Steel Conduits. — ^These are formed of 

TOP BOARD 


WOOD CONDUIT 


BASE BOARD 



Fio. 5,990. — Wyckoff mutii-duct creosoted wooden conduit showing top and bate board. 
Each piece registers with the adjoining piece, by means of the mortise and tenon joint 
without the use of nwndrels, or other means to make the alignment of adjacent pieces perfect. 


pipes similar to gas or steam pipes, with screw or other con*- 
nections. 

They are laid either simply in the earth, or in hydraulic cemBtit, and 
are the strongest and one of the most satisfactory forms of underground 
conduit. In construction, a trench, the width of which will depend upon 
the number of pipes to be laid, is first dug in the ground, and after its 
bottom has been carefully leveled, is braced with side flanking and filled 
to the depth of two to four inches with a layer of good conaete, consist^ 
ing of two parts of Rosendale cement, three parts of sand, and five parts 
of brcficen stone capable of passing through a one and one*half inch mesh. 
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Tids concrete is well secured in place and forms the bed for the lowermost 
layer or tier of pipes. 

Ordinary wrought steel or preferably wrought iron pipe is employed, in 
20 foot leiigths about three to four inches in diameter, depending upon the 
size and number of cables they are intended to carry. After the last tier of 
pipes has been put in place, and a layer of concrete from two to four inches 
placed over it, a layer of two inch yellow pine planking is laid over the 
whole. 

The principal object of the top covering is to protect the conduit against 
the tools of workmen making later excavations. 

STtCCT SURPI^ 



Pio. S,991.-*-Crotts section of wrought iron pipe conduit laid in hydraulic cement. 


Practical experience shows that workmen will dig through concrete 
wittumt stopping to investigate as to the character of the obstruction* 
but under similar circumstances, will invariably turn away from wood. 

In best construction the pipe? are lined with a layer of cement H in. 
thick and containing no sand. 

Cast Iron Conduit. — Cast iron pipe for underground con- 
duits is similar to ordinary wrought iron pipe, except that it 
is thicket. 
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Tlie additional thickness is necess^ to the strength equal to that 
of wrought iron; it is therefore heavier to handle and more expensive. 

The trough cc^nduit consists of shallow troughs of cast iron in m foot 
leng^« laid directly in the earth so as to form a system of continuous 
trooping in which th^'. conductors are placed and then covered over by 
cast iron covers which are bolted to the trough. 

The advantages are that the cables can be laid directly in plac^, thus 
eliminating any chance of injury during the process of drawing in, and 
second, the cables au. easily accessible at any point by simply removing 
one or two of the sect tonal cast iron covers, thus permitting of their being 
readily inspected anf ^paired. 



Figs. 5,992 and 5,993.— conduit $ocket joint. The joint is cut to a slight taper, uni- 
form in siae and reamed so that there is no appreciable offset on the inside of the pipe ft 
the joints. Since these joints are machine cu». they form a connection that is perfect in 
fit alignment. The socket joint, while not offering all the advantages of the tapered 
aleeve, 'dves satisfactory *^ults for underground conduit systems when laid in collate. 


sleeve 



Figs. 6.994 to 5.996.— Sleeve joint type of fibre conduit. Both the socket type and thi 
sleeve type here ihown easily aligned without the use of a mandrel. 


COUPLING 



Pipe. to 5999.— Sor-w joint type of fibre conduit. This method of ebnneefipn will 
form a tight Itie and is suttable for running under the lawns of private houses and pad», 
under the stree a of towns and villages, and in other places where the cost of buiklifif elec- 
tric vwnyn IS 
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Ftlve Conduits. — ^This form of conduit consists of 1^)08 
made of wood pulp impr^nated with a bituminous preserva* 
tive and insulating compound. 

Three types of joint are available for connecting lengths of 
fibre conduit. 

1. Socket joint; 

2. Tapered sleeve joint: 

3. Screw joint. 

These various types of joints 
are shown in fip. 5,9^ to 
5,999. 





ZS" TRtNCH 


InstallatioB of Fibre Cmidnit. 
— ^There are two methods of 
installing fibre conduit. 

1. Tier by tier method: 

2. Built up method. 

I 2*X5"X24* WOODEN 

— *-L^SPACIN6 comb 
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Tier by Tier Method^-^TItaB consists of pladog on the bed of the 
tiench a foundation of concrete, laying thereon the lowest tier of ducts, 
holding them at the desired horizontal separation, filling the spaces between 



the ducts with the concrete 
and spreading concrete over 
them until the desired verti^ 
cal separation has been ob- 
tained. The operation is re- 
peated tier by tier until the 
required number of ducts has 
been laid. 

The concrete base for the 
conduit should be laid only on 
firm dirt carefully tamped. 
This base is usually made 3 
ins. thick, the proper depth 
being insured by stakes 
driven at intervals into the 
bottom of the trench and ex- 
tending 3 ins . above the grade . 
A space 3 ins. wide between 
the duct rows and each side 
of the trench is also filled with 
concrete and the top tier 
finally likewise covered. 


Tig. 6.003.— Tier by tier method of laying fibre conduit ihowlng inetallatiofi of 14 ainuM 
duct ooaduiu. 
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Tte tevend tim are aqarated vertically and horizontally by concnte 
varying from 1 in* to 3 ins. according to voltage to be carried, of 

ventilatkm in the ducts and the personal conviction of the engineers. 

Upon the concrete foundation the first row of conduits is laid, 
being jnoperly spaced by means of wooden or concrete combs, as shown 
in fig. 6.0Q1, placed at approximately 3 ft. intervals. Concrete is 



S^G. 6p004.— Oraaseburg Itbn oomlttit fhowing method of tying when iMing rectangular aep- 
araton previous to installing by the built up method. 


then poured until the tier of ducts is covered to the desired depth and 
tamp^ level, a spacing comb at the unfinished end of the line being left in 
place to indiaite accurately the thickness of the ccmcrete. If* of wood, 
the comb is then removed. The desired duct sectkai is thus fcMmed in 
successive tiers. 

Good engineering practice calls for staggering the joints in AdiacenC 
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pipes and for making all joints perfectly tight to prevent concrete entering 
and bk>cking the ducts. Generally a mixture is used ^xmsistiiig of one 
part of cement » three parts of sand and five parts of stone broken fineenough 
to pass a in. me^ sieve. The amount of water should be carehdly 
tfatched so the concrete is just thin enough to be easily tamped around the 



ifio. e.aiS>-ntiiit up instsIlaUon of Ofangeborg toeduit uiiag lectaagvlar MpexatM* 
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ducts with no superfluous nioisti^ The advantages claimed for this inetb- 
od by many engineers is the certainty that the aeparations between the 
several tiers of duct will be perfect. 

As ofdy a few inches thickness of concrete is spread at any one tiine» 
thorough tamping around each duct is readily accomplished and the possi* 
bility of voids eliminated . 

Built up Method . — With this method the several tiers of duct are all 
;daoed in position one above the other before any concrete is pcmred. The 



Fto. 6.O0S/*- Telephone end electric light in same trench. Where the duct provided for elec- 
tric service will be occupied by aecondary circuits only which are connected to transformers 
not exoseding 25 kw. capacity* the clearance between telephone and electric light ducts 
must be not less than 3 ins. provided that stakes, spacers, bricks or paving blocks are placed 
every 10 ft. to make certain that this separation is maintained. 


ducta are h^ m proper position by concrete separators which later become 
permanently inbedd^ in the concrete mass. These separators are of differ^ 
ent detfgn. Some engineers use rectangular forms of proper width placing 
them both vertiodly and horiasontally at suflicient intervals to support the 
ducts rigidly. 

To prevent all possibility of the ducts floating when the concrete is poured 
they aie al^ bound together by tying them in groups of four with hemp 
twine. This must be done carefully in order to have the conduit runs per* 
fectly in alignment when the work is ccsnpleted. 
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pouring upon a board laid over the ducts. The concrete is then shdvelled 
from this board in sniall lots and tamped in final portion under and 
siile the various tiers. On long runs where ccm^tions warrant it, bettor 
results are obtained by the use of a deflecting trough of steel, the concrete 
flowing from each side of the trench toward the mid^e, and if of the proper 
consistency entirely filling all voids under and around the ducts. 

A 1-3-5 concrete mixture is used, as in the tier by tier method. Many 
engineers prefer this method since by pouring the concrete as a whole a 
mmiolithic form of duct separation is obtain^, making it impossible for 
horizontal joints to exist between different layers of concrete. 


a 



Pig. 6,014. — ^Johna-Manville portable nuichixie for cutting joints. Where large quantities of 
conduit are used, short lengths are freqtaently necessary and are obtained in the held by Cttt^ 
ting down regular sections, with a machine such as here illustrated. The use of these lathee 
prevents loss of conduit by providing a quick and accurate means of re-tooling such ends 
as may liave become brok^ in handling. 


Conduit Boxes or Manholes. — By definition a manhole is e 
vault or boX‘like structure built under the street, having a circular 
opening at the street surface covered by a cast iron cover, and large 
enough to conveniently admit a man, so that access may be had 
to the conduit ducts and the cables. 

Manholes should be provided about every 300 feet, in order 
to facilitate the installation of the ccmductca^ in the dtict. 
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Tlw exact distance between manholes dtould be determined by oon^- 
tiom; in some cases they should be placed even doser toother than the 
figure given, while in other cases their distance apart might be slightly 
greater. Mj^oles are built of concrete or brick, and provided with a cast- 
iron frame or cover. The manholes may be of square, round, rectangular, 
cm: oval section, the last mentioned form of manhole being probably the 
best, as it avoids the liability to sharp bends or kinks being made in the 
cable. 



Z(b\Hr- 

OPENING 
24- IN. 




FMs. 6.016 and 6,017.— Telephom and tewer types of nsanhole frame imd cover. BithSr 
may be used. 
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The manhole cover may be of the same form as the manhole itself, or it 
may be of different form; but round or square covers are usually used 

Fig. 6,015 shows a standard form of manhole used m New York City 
This manhole is substantially built, and adapted for heavy traffic passing 
over the cover. For suburb^ or country work, manholes may be ma^ of 
lighter construction. In all cases the cover should be readily removable. 


The floor of the conduit boxes must be of earth to allow drainage. If 
paving be desired, the floor should be made of brick or oobUe stones laid 
loosely on the ear^ without mortar joints. 



Electric li^t or power wires and telephone wires must not occupy th** 
same conduit box. Separate conduit boxes may be built with one wah 

common to both, but each 
conduit box should have a 
separate entrance and there 
must be no opening between 
the two boxes. 


Figs. 6,01S and 6,019. — D & D manhole cover. The cover does not rest on top of the lugs, 
but on the 45^ angle side of the lugs and is held in place by the 85^ side. The cover is opei^ 
by using two short bars which can be operated by one man by simply prying first on one bar 
a^ then reversely on the other until the cover leaves its seat axid can then be carried off 
without any trouble. Another method is to insert a large cold chisel in the keyhole of the 
cover, and strike it a few heavy blows with a hammer which will looaen the cover in a few 
minutes even in below aero weather. 


Drainage. — Water will gradually accumulate in the conduit 
unless good drainage be provided. If drainage be iK>t inrovided, 
and water accumulates in the duct, the water may freeze in 
winter in territories subject to low temperatures and dam- 
age the cable to such an extent that a complete failure of the 
cable will result. In addition to loss of service the replacing 
of the cable may be expensive because of the diffi^tyof 
thawing the pipe in order to remove the damaged cable and 
olace the new one. 
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It my be found necessary to place a conduit box or a draiziag^ podket at a 
point where, either on account of the nature of the soil or b^use of the 
contour of the ground, water accumulating in the conduit box or pocket 
will not drain easily. Drainage pockets are unnecessary in districts where 
fireesing at conduit depth will not occur. Methods of drainage are ^wn in 



Figs. 6.020 to 6,023.*— Methods of drsining undeigrottiid conduit. In Sg. 6,020, a fall to> 
ward the house should be provided only where iron pipe or iron pipe duct is used and no 
conduit box is built in the run. Otherwise, the fall should be toward the pole or conduit 
box. In fig. 6.021, where fall ia toward the pole a drainage pocket must be provided. In 
fig. 6,022, where it is impracticable to grade trench ao that it noakea a conUnuoua fall, a 
draim^ pocket must be provided at lowest point In the dip. Fig. 6,023 tfiows feU Of 3 
ins. in 100 ft. toward conduit box. The Ml must not be toward bouse where conduit tuns 
to conduit box. Fall of 3 ins. hi 100 ft. toward one conduit box or both. A conthtuous 
fail toward one conduit box is preferable where the elope of the ground permits. 
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PaHiag in the Cables. — In this operatira special precaution 
should be taksn to avoid sharp bending of the cable arvl thus 
prevent injury to the lead sheathing. If the cable be light 
and of small diameter, the distance not over 300 feet, and the 
run fairly straight, the cable can usually be 
pulled in by hand; but often other means mint 
be provided so as to secure sufficient power. 




Fms. 6,024 and 6,025. — Haltett manhole skids and sheaves. Tho$o or# for Whw Oie 
pulling line from the mouth of duct out through the manhole to the capstan or winch. The 
sIcMs have pinholes every 4 ins. from top to bottom so that sheaves can be piyH at desired 
height to correspond to height of duct and top of manhole. They are of 
iron, and are suiUble for pulling in the heaviest cables. Standard length, 9 ft. 



Flo. 6,026. — ^Hallett cable reel 
wheels. This outfit is used on 
cable reels of whatever weight 
specified and is manipulateid 
by hand or used as a trailer. 
It consiete of tied wheele, 
shaft 6 ft. by 2H 
meter ad juataUs Umgus and 
reel guidm- 
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TEST QUESTIONS 

1. What are the three essential elements of an under- 
ground system? 

2' Give three general classes of underground systems. 

3. When cables are laid directly in the ground, what is 

depended upon for mechanical protection? 

4. Name two general classes of clay conduit. 

5. Describe a conduit transposition unit. 

6. What kind of conduit unit is used on curves? 

7. Describe the method of laying single duct vitrified clay 

conduit, also for laying multi-duct conduit. 

8. What is trough conduit and how is it laid? 

9. How are concrete conduits usually constructed? 

10. How are the ducts formed in wooden conduits? 

11. Name two types of wooden conduit, and describe 

them. 

12. In what lengths can the trough type of wooden conduit 

be laid. 

13. How are wrought iron or steel conduits made? 

14. Describe two methods of laying steel conduits. 

15. Is steel or wrought iron preferable? 

16. What may be said with respect to cast iron conduit? 

17. Of what does a fibre conduit consist? 

18. Name three types of joint available for connecting 

the lengths of fibre conduit. 

19. Describe the tier by tier method of laying fibre con- 

duit. 
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20 . How is conduit laid by the built-up method? 

21 . Describe the construction oj manholes. 

22 . Give methods of draining underground conduit. 

23 . Describe in detail the pulling in of the cables. 
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CHAPTER 123 


Cable Jointing 

As explained in Chapter 100, the authca- objects to the gen- 
erally accepted use of the terms joints and splices, and 
accordingly, this Chapter is called Cable Jcnnting and not 
Cable Splicing. The student of cable jointing will find that 
there are numerous types of joint met with in practice. These 
various joints may be classified 

1. With r^pect to vdtage 

a. 100 to 240 

b. 2,300 to 3,000 
t. 7,800 to 13,800 
i. 27,000 

«. 45,000 
/. 132,000 


2. ^th respect to insulation 

e. Cotton tape 
b. Rubber 
e. Camlaic 
d. Faoer 
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3. With respect to conductors 

c, Siosfle 

b. Duplex 

c. Three conductor 

d. Four conductor 
etc. 

work forms an important part of the operations of cable 
jointing and as a preliminary the student should study soldering 
in its various branches and joint wiping. 

Before attempting to wipe a sleeve joint on a cable, the stiident 
ahoidd practice wiping a joint on an ordinaiy lead pipe. In addition to the 



Fra. e»037.<^Metbod of wiping a horisontal jiunt. The cloth used for wiping is a pad of mol^ 
dcin or fustian about four inches square made from a piece twelve inches by nine, folded sia 
timea^ and aewed to keep it from opening; the ude next the pipe is saturated with hot tab 
low when used. If the lead has been brought to the heat of the solder, and thelatter proper- 
ly manipulated and shaped while in a semi-fluid or plastic condition, the joint gradually 
aasumes the flnished egg shaped appearance. In making the joint a quantity of solder is 
taken from the pot by means of the ladle, the solder being previously tieated so hot that the 
hand can be kept within two inches of its surface. The solder is poured lightly on the joint, 
ttie ladle being moved backwards and forwards, so that too much solder is not put in one 
place. The adder is also poured an inch or two on the soiling, to make the inpe of prbper 
temperature. Naturally the further the heat Is run or taken along the pipe, the better the 
Cham of making the joint. The operator keeps pouring and with the left hand holds the 
doth to catch tlw solder, and also to cause the same to tin the lower side of the pipe, and 
to toeP the solder fron dropping down. By the process of steady pouring the solder now 
becomes nice and soft and begins to feel shaped. Arm and bulky. When in this shape and 
in a semi-fluid condition the ladle is put down. and. with the left hand, the operation of 
wiiUbg. asilluatrated, is begun working Inmi the soiling toward the top of the bulb. If the 
le^coct rapidly. It ia reheated toa plastic condition by a torch, or a heated iron. When the 
foKR is completed, it it cooled with a water spray, ao that the lead shall not have timt to 
dter its diape. 
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instroctions given in this diapter on lead work, a study of this subject as 
given in vdume No. 1 of the author’s lumbers and Steam Fitters Gvidesis 
recommended. 

The operations to be performed in wiping the various types 
of joint are in general very much the same, differing chiefly in 
the proportions of the joint, kind and quantity of material to 
be traed, etc. 

Detailed instructions will now be given for wiping joints <» 
type cables largely used. 

Jointing 13,800 Volt, 3 Condnctor Cable. — ^This cable takes a 
5^X22 lead sleeve and 350,000 cm. connector. The cable is 
paper insulated; conductors 7x1^ insulation. Strai^it joint. 
The following materials are used: 

) lead sleeve 5H' H' wan 22' long. 

1 Conducell No. 253. 

3 350,000 cm, copper sleeve connectors. 

108 yards ^ X 10 mils black varnished cambric tape. 

6 lbs. wiping solder (40 tin €0 lead) . 

12H lbs. Condnlatnm. 

2 oz. waste ends. 

1 oz. Steaiine flux. 

15 ins. Melrose cord. 

1 yard white tape. 

1 sheet 00 emery cloth. 

7 paper pasters. 

Instructions will now be given for performing the various 
operations in jointing. 

Trainii^. — ^The term “trainii^” indicates the shap^ of the 
two cables where they project into the manhole so that they will 
follow the contour of ^e walls and cOme together at the pgint 
where they are to be jdned, with their ends overlapping. 
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In training, care ^ould be taken to handle the caUe8«> as JMt 
to give them any sharp bend. The cable ^ould be supixxted 
by Ixackets <»: hangers. 

Catting Cable Ends.— Mark the two overlapping cables at the 
point where they are to be jdned, and take the precaution to cut 



Fic. 6,040. — ^Paper ffiude for cutting off cable **8quare.*' The beginner should i^rap a paper 
guide around the cable at the point where it is to be cut. as shown, which will serve as a guide 
for the hack saw 

them square with a hack saw. They should be so cut that the 
ends whidi are to be joined butt up agaixtst each other, that is, 
no space between as in hg. 6,038. 

To facilitate cutting off cable square, wrap paper guide 
around the cable as in fig. 6,040. 

— ^Mark with a knife the point whoe the lead dieath 
is to rohoved on eadi cable, this will be 9^ ins. hwn the 
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pdnt vrhere the cable was cut. This 9H ins* is the length of 
lead sheath to be removed. Ring each cable ^eath along the 
drcumferential marks with a chipping knife, as shown in fig. 
6,041. Scrape the lead sheath of each cable three indies bade 



Pig. 6»04S. — Splitting operation. The lead sheath must be removed from the e«id of the cable 
to the point of ringing. Itisiirstsplit by chipping with a chipping knife aa shown. After'the 
sheath has been split it is easily twisted oft with the aid of a pair of plien. 


fiom the pdnt of ringing, as in fig. 6,042. After scraping, rub 
the soap^ part with flux (Stearine) . 

Removing the Sheath. — ^From the mid of the cable to the 
pewt of ringing, the lead dieath diouhl be split with a di^^^mig 
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knife as diown in fig. 6j043, after it can be easily re* 
moved. Note tli^ angle at which the chilling knife is held in 
srditting. Be careful not to damage the iimilation in clipping. 

BdUi^. — The term "bell” means to flare out. The end of the 
lead sheath is now belled, as shown in fig. 6.044, using a blunt 


belling 

TOOL 




belling tool 


Figs. 6,044 and 6,045.— -Belling operation and belling tool. The end of the lead sheatn it 
flared out by tising the belling tool, flg. 6,045 as shown in Hg. 6,044. Flare out the sheath 
about in. 


nosed tool of hard wood or fibre, such as shown in fig. 6,045. 
In performing this operation, care should be taken not to cut the 
insulation. 

Removing InsnlatioB and Shaping.— Remove the overall or 
bdt insulation to a point 1 in. from bell, that is, the edge of Uie 
lead ^leath, as shown in fig. 6,047. 

Next, cut the jute fillers at a point close to the end of the belt 
insulation, as shown in fig. 6,0^. 
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Fzg . 6*047. — Removing belt insulation . The belt insulation must be teipoved from tho end of 
the cable to within a distance of 1 in. from tlM bell . In «iofn# ihiM be careful not to in|fire the 
insulaticm over each conductor. In reinovii^ the belt insulation first wmR tadne aremd the 
insulation extendingJL in. from sheath; this Is to prevent the insulatimi imravsefini* Tat , 
Uittstratlon shows the various operations. 




0,04S^.-^SoreftdinK operatiOTt . Before spreading out the three conductors, wrap each with 
aaihpfu; t*pe aa sikowii to prevent injiiring the insulatkm. Do not spread oat oonductors 
*nQre thw mceasary, and thus av<Md ehance of breaking the mill insulati^ at crutch* 
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At this stage, the lead sleeve and mica tube of the Conduoell should be 
slipped on the cable so that when the cmiductors have been jewed and insu* 
laM, it may be slid into place over the joint preparatory to wiping* 



Sics. 6>050 and 6,051. — fnaertion of spreader and shaping. Afimr the conductors have bees 
spread out to the desired extent, they are held apart by means of a spreader or fibre block, as 
shown in detail in fig. 6,051. After inserting the spreader, the ocmductorB are abaped oi 
slightly bent inward by means of the bender tube, as shown. 



Pig. 6,0Sa. — Removing half of insulation from conductors with iiuntlatioii oitttar. Meaawt 
back 1 ^ ins. from end of conductor and cut off half of the ionilation. Tbanawmforraiiiov* 
ing only half of the insulation is explained in fig. 6,053. 
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Betore dipping on the lead sleeve, rasp both ends to give a dean bright 
Binfsioe and candle. The conductors should now be diaped and xeUdned so 
by the use of a spreader or sei»rator as shown in figs. 6,050, 6,(^1 and 
6,054, the insulation being protected by wrapping each conductor as in 
lig. 6,049. 

Since the conductors with insulation are pretty stiff, they are conveniently 
bent in thed^tred position by the use of a fibre tube, sl:^wn in fig. 6,060, 
previously inserting spaces and wrapping conductors with protective tape. 


Some of the accompanying illustrations show only 
one conductor; this is to bring out more clearly some 
of the operations preparatory to sweating. 



Fig. 6,053 .-^Rounding or shaping conductor strands. It will be noticed that the conductor 
stranding is of sector form, and this must be to>aght to circular form so that the oonnec^ 
can later be properly put on. The operation is easily done by means of the special claw ptier 
tool here shown, although ordinary gas pliers are generally used. The belt of insulation left 
over the conductor protects the strands from the teeth of the pliers. After s ha ping, thin 
insulation is removed exposing the conductor. 

Rounding. — ^Measure off ins. frenn exid of conductors and 

cut off half of the insulati<xi with an insulation cutter, as shows 
in fig, 6,052. The conductor strands ^ould be shaped to the 
form of a circle, that is rounded, by the use of gas pliers, of 
the special wrench shown in fig. 6,(^3. 
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F^q. 6,055. — Placing connector over conductora. Put each pair of butting oondisctoia in line. 
Op^ up the connector no it can be placed around the conducton and then aqueeae up with 
pUera ao that it tightly grips the conductora. It abould be lo placed that the conducton 
come together at the middle point of the connector. In using the pliere on the connectoi . 
wrap some cloth around the connector to protect it from the teeth of the plieis* 



Pid. 0.O5B.-**Speelal **b«dding'* pUeta. This convenient tool iteadly made from oidinary plien 
by filing the law to the shape shown. I*ii aiffaefilmr the connector, aometimea one or mora 
atraoda may be puah^ up ao that the connector cannot be aqueeaed together. Any atrund 
ia eaaily endiedded by meana of the pliera. aa shown. 
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The edge of the insulation on conductors should be wrapped tightly with 
cotton tape as shown in fig. 6,057 and tied in place to protect the insi^tion 
from charring during the sweating operation, and to prevent the solder 
running under the insulation. Ranove tape after sweating. 

Flux the joints tc '^e sweated with Stearine or a solution of rosin and 
alcohol. 


In sweating the joint, thoroughly saturate by repeated pour- 
ings of the hot solder as in fig. 6,058, using fresh solder from the 



Ftc . 6,057 . — ^Preparing a joint for sweating . Wrap cotton tape around conductors at A and B, 
to prevent solder running beyond these points during the sweating operation. This tape thus 
defines the limit of the joint proper, that is to say. the soldered portion, it ahould ba 
noflearf that in this and several other illustrations only ona conductor ts shown, in order to 
show the parts larger and more plainly, 

pot for eadi pouring. To “build up” pour the same solder 
ladle to ladle, two or three times imtil the temperature is 
sufficiently k>wap»l for the solder to become plastic.. After the 
joint has been properly buht up, smooth the surface by wiping 
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with a piece of niehx)ae cord, as in fig. 6,060. The appeanmoeirf 
thesfe jdnts at this stage is shown in fig. 6,099. 


Alter wiping with Melroee cord» make a final finish with emery doth» 
and thoroughly dean the parts of emery dust. The other two joints should 
be sweated in a similar manner. 



Fio. 6,060. — ^Uoe of Melrose cord in cleaning off sweat. Owing to the prostmitr of the other 
eontotort, a joint cannot be sweated with the ordinary doth, and accordingly a piece of 
Melrose cord is used instead, as shown. Fig. 6, OSS dearly shasre the difficulty in usiiig a 
doth in eweathig on account of the nearness of the other conductors. 

Aftiir the three jtnnts have been sweated and cleaned as fust desofijed, 
remove the ootfam tape wfaidi was placed over the edge of the lastdatitnand 
also the protective t^ wrapping shown in fig. 6,(^. 

PesdUiV.-xThe insulatum around each condu^or dvadhi be 
“penciled" back 1 in. This is done much in tbe asme iny s» 
dmipmoig a lead pencil. It is myxirtant that the 
amoikh and even. 
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Use a very ^arp knife or special tod in penqiliog the insulation, and he 
careful not to nkk the conductors. The operation of pendling is i^wn in 
6p061 and the appearance of the penciled joints in 6,059. 
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inrahitiiig.— The joints should now be i^ted 

with ounbric tape and painting each layer wxthhrt ^ 
SmasTo^ in Ss. 6.062 and Build up tl^t^ 

ing % over the connector and extending 1 m. back of the 






6,(mmm4 



pliKied in positiosk 




view showing apfKaranoe of exterior and tntepkir of three coiui^aciar 
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SECONDARY HALF DUPLEX JOINTS 



Fww. 6,073 1» 6,079.— SMHHlHr ball dopies Joint 
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Jtiint. — After wipmg the sleeve test jcniit to 15 lbs. air 
gauge. Applv soapy water to test for leaks. 
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niliiqf Joint iHth Compound. — ^After the joint has been coin> 
pleted and tested it should be filled throui^ the filing nq^ 
with compound heated to a temperatiue of 240“ Fahr. 

In doing this, tilt the joint so that the filling hole will be ^ii^tly abov€ 
the level of the other hole. The compound to be poured through the filling 
hole un^ the j<fint is filled, and about one gallon of hot compound should 


PfiEL OPF UeAD SHEATH 
WITH PLIERS ! 



r'ic. 6,084.— Removmg lead sheath . After ringing and chipping the portion of lead aheath to 
be removed ia easily twisted off with the aid of a pair of pUera. 



Fic. gjOBS.— Removing inenlation. II the stramting be of circular cross section , all the insulS'* 
tionis removed at once, but when of the oval form with paper inaulatioii only hall stmihl 
be removed at fitst so that the shaping operaUofi may U perfbnasjd iapidng tbs 

stratidf, as fully eaiAaiiied in ffg. 6,053* 
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hM •ettfcd the joint « final fill, doae tba 

fillip nqypia. Be sure the two hcdes are ti^tly doaed; d**T* tte ctnuhcd 
p(^ ftnin the kind and do ncit distuth the joint after thia is done. 



Fig, 6,0S8. — ^Method of sqoeesing on coUar with aid of long ann plian. Note that both haada 
are used in thie operation. 
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3^ 

ItO lo MO Bitf Dt^lex Jdliit.— 'The caIHe here used Ikae 

tiie&ri]<>wu)i;q)ecificatiotis: 200,000 cm.; 9^ robber and taleeso 
29^X7 deeve. Many of the operaticma poformed in makiiig 
tl^ aremade in the same way as for the three condiadnr 
cable, and accordingly need little or no further mcplanation. 

• After training and cutting off the cables, they are marked 
and scraped as in fig. 6,060. 

Next the lead ^eath is removed as in figs. 6>081 end 6,082. 
In fig. 6,032, note that the clipping knife should be held at an 
acute angle to avoid cutting the insulation. 

F^. 6,064 ^ows the method of twisting off the lead sheadi 
with pair of plion. 



Fiot.6,0IHI to 6 «(M.^Metbpdol« 6 A|M:ii« 8 le«ve 9 v«r joUit. Slide Mem 

the end of 1the M ehee^eeat and maik SKMitioo with ecMberaa it, 

l^ttMIdeMemtoiiMtlMimdeiiddlMiiitthtaiddividetltedis^^ 

MlMith ^%e hMf aalit^ 

|^i)(MettmiatiMie«idd#eeiitlly at«aieb«^ 
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Remove oonductor insulation l)ack a distance in. as in 
6g. 6^. 

Now in the half duplex cable a connector and also a collar are 



Figs. 6,095 and 6,096.’— Fitting butterfly or filter piece to close up opening at itoevu end. Tlif 

butterfly ahovdd be shaped to fit the sleeve using a rectangular dresser and hammer ss la 

fig. 6,095. The shaphig of the other end is easily done with a dresser. 


FILUNO HOLE CCWR PAPER CUT AWAY 
F.aiH6HOa- ^ around F.LURH0LE 



Fic. 6,097. — ^Application of **paper pasters*’ to limit the flow of solder in makiag the 
joints. These paper pasters are more conveniendy applied than thsold tteie ’*Mll*’aiadhF 
piumbem for the same purpose. Any paper with gum on one side wfil do. 
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eoMioM f.CIpeti^iaii of pQKtriM te ilioiten solder aadwi^^ 
«t t&e d^ite tad to bold aie«^ rigid whOe wiping 
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3,6^ Cable Jointing 

TEST QUESTIONS 

1. Give a classification of various cable joints. 

2. What preliminary knowledge should the student haw 

before taking up cable Jointing? 

3. Explain in great detail the method of Jointing a 13,300 

volt, 3 conductor cable. 

4. What precaution should be taken when bending 

cables? 

5. Why are the three insulated conductors wrapped with 

cambric tape? 

6. What kind of flux is used on a Joint to be sweated? 

7. Why is a Melmse cord used in wiping a Joint? 

8. What precaution should be taken in penciling? 

9. Explain in great detail the rrwthod of JoirUing a eec- 

ondary half duplex cable. 

10. What tool is used in scraping the ends of a sleeve? 

11. What fitting is used to Joint the second cable at the 

duplex end? 

12. What is understood by the expression "line and line?" 

13. What is the object of the butterfly piece fitted to 

sleeve? 

14. How is the sleeve sealed after fdling? 
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WIRING SYMBOLS 


WIRING CONNEaiONS 


GROUND 


CONDUCTORS 

/HEAVY LINES tAAY BE USED FOR 
(FOWER CIRCUITS; LIGHT LINES FOR 
ICONTROL CIRCUITS 


FUTURE. CONDUCTORS 


CROSSING OF CONDUaORS 
NOT CONNECTED 


CROSSING OF CONNEaED 
CONDUaORS 


JOINING OF CONDUCTORS 
NOT CROSSING 


GROUND CONNECTION 
(GROUND AULY BE DESCRIBED BY NOTE) 


CONDUIT OR GROUPING OF LEADS 


CONDUaOR WITH POLARITY 
MARKS 



OR ^ OR :|; OK I 


II 



















WIBING SYMBOLS {Continued) 



m 

























WISING SYMBOLS {ContinueOj 


SWITCHES 

KNtK SWITCH 

ONC TWO AND THREE ROLE 
(SINOIE THROW) 

1 O O O 0 0 9 

KNIPE SWITCH 

ONi, TWO AND THREE POLE 
(DOUBLE THROW) 

o g o 

o d p dod 

o o o o o o 

MISCELUNEOUS SWITCHES 


PUSH BUnONS 


PUSH BUnON 

(OPEN OR aOSED BY SPRING ACTION) 


PUSH BUTTON 
(MAINTAINED CONTACT TYPE) 


imr SWITCH CONTACTS 


^ NORMALLY 
^ CLOSED 5P 

ol NORMALLY ^ 
“ OPEN T 


-I 








THERMAL ELEAilENT 


TRANSFORMERS 


TRANSfORMER 


VWMW 

NmNA 

























WISING SYMBOLS (Continued) 


TRANSFORMERS (continued) 

ONE PHASE, TWO WINDING 
TRANSFORMER 

•ONE LINE COMPLETE 

AMM NAMV 

t amm 

POLYPHASE, TWO WINDING 
TRANSFORMER 

wX\A„MAA^/M VWWVWV 
WyW VWVyYVW AMMAAM 

TRANSFORMERS (MISCEUANEOUS) 

•WaW- U vwwIaw 

CURRENT POTENTIAL AUTO. 

INSTRUMENTS & METERS i 

INSTRUMENT OR METER 



AMMETER 

0 c □ 


1 VOLTMETER 

e^ 

( V ) OR 




WATTMETER 


NOTE 1: Letter within Circle or Rectongle Indicates Type of Instrument when only one Type 
(1 oir M) is used, Otherwise "I" or "M" appears within Circle with Abbreviation olongsidb. 


A m Ammeter 
AH * Ampere ’ Hour Meter 
CMC ■■ Contoct Moktng 
Clock 

D «■ Demand Meter 
f m Frequency Meter 
G M Golvenometer 

00 Ground Detector 

1 m Indicating 


M Integroting 
OHM Ohmmeter 
OSC » Oscillograph 
PH -Phoie Meter 
PI a; Position Indicator 
PF «■ Power Foctor Meter 
RF »Reoctive Factor 
Meter 

REC «* Recording 


RD « Recording Demand Meier 
S » Synchroscope 
TLM«» Telemeter 
T » Temperoture Meter 
VRH«Vor-Heur AAeter 
VAR*»Vormeter 
V —Voltmeter 
WH -WoHhour Meter 
W -Woftmeter 


NOTE 2> For complete Symbol show View opproxlmoting Reor View of octuol fnstrumen«.b%« 
dicote TerminoTs in Relative Locations ond show Potenliol Terminals with Solid Cirde, Conoiil 
Terminals with Open Circle, Scole Ronge and Monufocturers Type Numbers may be snbrkedl 
odiacent to Symbol if desired. 




















WIRING SYMBOLS {Continued} 


RECTIFIERS 

DRY OR ELECTROLYTIC REC- 
TIFIER (FOR ELEMENTARY OR 
SCHEMATIC DIAGRAM) 

l^C 

Jt 

FUU 

HALF WAVE TA.C. WAVE 

CIRCUIT BREAKERS 

AIR CIRCUIT BREAKER 


THERMAL AIR CIRCUIT BREAKER 


THREE POLE POWER 

CIRCUIT BREAKER 


H 

OR 

m 


THREE POLE POWER CIRCUIT 
BREAKER (DOUBLE THROW 

WITH HRMINALS) 


m 


N 


INDICATING LIGHTS 

INDICATING LAMP 

— O- or-^F- 

NOTE; LETTER IN SYMBOL INDICATES 
COLOR; R-RED, G« GREEN, 
B-BLUE ETC* 

-<£>- c©s 

WITH LEADS WITH TERMINALS 


FLUORESCENT LAMPS 


FLUORESCENT LAMP 


(WITHOUT AUXILIARIES) 






















WIRING SYMBOLS {Continued) 


COILS 


FKEO 


onnnn 


ADJUSTABLE TAP OR SUOE WRE 


<Tf|Tnr 


ADJUSTABLE BY HXED TAPS 


WITH LEADS 


MAGNETIC CORE INDUCTOR 
( AS USUALLY REPRESENTED ON \ 
VCOMMUNICATION TYPE OlAORAMSj 


cm liedi 


operating coil 


OR 


BLOWOUT COIL 


H 


CONTACTS - 

ELEaRICAL 

NORMAUY CLOSED CONTACT (NC) 
NORMALLY CLOSED, DESIGNATES THE 
POSITION OF THE CONTACTS WHEN 

THE MAIN DEVICE IS IN THE OE- ENER- 
GIZED OR NON-OPERATED POSITION 

+ 

NORMALLY OPEN CONTACT (NO) 
NORiMALLY Open, designates the 
POSITION OF THE CONTACTS WHEN 

THE MAIN DEVICE IS IN THE DE-ENER- 
GIZED OR NON -OPERATED POSITION 

X 

T 

NO CONTACT WITH TIME 
CLOSING (TC) FEATURE 

J-TC 

tTC 

NC CONTAa WITH TIME 
OPENING (TO) FEATURE 

;jfTO 
























WIRING SYMBOLS iCantinued) 



CONTACTORS 

THE SYMBOLS SHOWN ABE FUNDAMENTAL ONLY AND MAY BE 
MODIFIED TO SUIT INDIVIDUAL BEOUtBEMENTS 


CONTAaORS 

ONE AND TWO BOLE CONTACTOBS 
WITH OPERATING COIL 


CONTAaOBS 

TWO AND THREE POLE WITH 
OPERATING COIL AND AUXILIARY 
CONTACTS 


THREE POLE MANUALLY 
OPERATED CONTACTORS 
WITHOUT BLOWOUT COIL 


THREE POLE ELKTRICALLY OPERATED 
CONTACTOR WITH BLOWOUT COILS 
AND TWO NORMAUY Of^N AND 
ONE NORMALLY CLOSED AUXILIARY 
CONTACTS 







RELAYS 


REUY (SOlENOlO rrK) 


REtAY (INDUCTION TYK) 


REIAY (TMEKAMl TYK) 


OVERLOAD RELAY HAVING TWO 
CURRENT cons AND ONE 
NORMAUY CLOSED CONTAa 
WilH TIMED OPENING 





















WIBING SYMBOLS (Continued) 



IX 


















WIRING SYMBOI3 



X 
















Tables and Data 


llBefal Information 

To find tlie idrctimforence of a drcloi multiply the diameter by 

To find the dkmeter of a circle, multiply the circumference by .SlfiSl* 

To find the area of a circle, multiply the equare of the diameter 
by •78S4. 

The radius of a cirde X 6.283185 «« the circumference. 

The square of the circumference of a circle X .07958 «■ the aten. 

Half the circumference of a circle X half its diameter * the area* 

The circumference of a circle X «159155 the radius. 

The square root of \he area of a circle X .56419 >■ the radius. 

The square root of the area of a circle X 1.12838 the diameter. 

^ To find the diameter of a drcle equal in area to a given square, mid* 
dply a dde of the square by 1.12838. 

To find the side of a square equal in area to a given drde, multiply 
the diaqieter by .8862. 

To find the side of a square inscribed in a circle, multiply the diameter 
by .7071. 

To find the side of a hexagon inscribed in a drde, multiply the diem* 
eler of the drde by .500. 

To find the diameter of a drde inscribed in a hexagon, multiply a 
aide of the hexagon by 1.7321. 

^ To find the side of an equilateral triangle inscribed in a ctrde, mub 
tiply the diameter of the circle by .866. 

To find the diameter of a drcle inscribed in an equilateral trian^e^ 
multiply a side of the triangle by .57735. 

To find the area of the surface o£ a ball (sphere), multiply the aquiM 
of the diameter by 3.1416. 

To find the volume of a ball (sphere), multijdy the cube of the diaute 
eter by .5236. 

BouUing the diameter of a {upo increases its cepadty four times. 

Tp find the pressure in pounds per square inch at the base^of a cohimn 
of watar, multiply the height of ihe column in feet by .433. 

A gallon of water (U. S. Standard) wdghs8.336 pounds and oontate 
fiSl coUc inchi^ A cubic foot of water contains 7H ff^pns, 1^6 cubio 
paid weighs 62.425 pounds at a temperature cX about 39* F, 
Theie wei^te dieiige wghtly above and hdow this temperature* 



TaMes and Data 


In accordance witti the standard practice approved by the Amerfcan 
Standards Association, the ratio 25.4 mm « 1 in^ b med for convert* 
ing millimeters to inches. Thb factor varies only two miUionths of an 
inch from the more exact factor 25.40005 mm, a difference so small as to 
be negligible for industrial length measurements. 


Metric Measures 

39.3t inches. 
15.432 grains. 


The metric unit of length is the meter 
The metric unit of weight is the gram 

The followif^ prefixes are used for subnlivisims and multiples: 

1 ^, Deca » 10, Hecio -i lOOtXilo 


MUli » roSitr, Gmti «■ 

>- 1000, Myria « 10.000. 


Metric and English Equivalent Measures 


Metric 
1 meter 
•3048 meter 
1 centimeter 
2.54 centimeters 
1 millimeter 
25.4 millimeters 
1 kilometer 


MEASURES OF LENGTH 
Enalish 

39.37 inches, or 3.28083 feet, or. 1.09361 yards 
1 foot 
.3937 inch 
1 inc^ 

.03937 inch, or nearly 1-25 inch 
1 inch 

1093.6) yards, or 0.62137 mile 


Metric 
1 gram 
.0648 gram 
28.3$ grams 
1 kilogram 
*4536 kilogram 

1 metric ton 
1000 kilograms 

1.016 metric tons 
1016 kilograms 


MEASURES OF WEIGHT 


) 

} 


English 
15.432 grains 
1 grain 

1 ounce avoirdupois 
2.2016 pounds 
1 pound 

{ ^98 12 ton of 2240 pounds 
19.68 cwt. 

2204.6 pounds 

I ton of 2240 pounds 


MEASURES OF CAPACITY 


Metric 

1 liter ( • 1 cubic decimeter) 

28.317 liters « • • . . 

3.785 htess • • • • • 

4.543 liters • . • • . 


English 

61.023 cubic Inches 
^ .03.>31 cubic foot 
' .2612 gal. (American) 

2.202 lbs. of water at 6r F. 
1 cubic foot 
1 gallon (American) 

1 gallon (Imperial) 



Tabl«9 ami D^a 


English ConTsrslott Table 


Zmgth 

Inchm 

liicbei 

indiet 

Feet 

Feet 

Ymrif 

Yardi 

Yards 

Miles 

Miles 

Miles 

Circumfereoce of circle 
Diameter of circle 


^rsa 
Square inches 
Square inches 
Square feet 
^uare feet 
Square yards 
S(|uare yards 
Dia. of cirde squared 
Dia. of sphere squared 

VolufM 
Cubic inches 
Cubic inches 
Cubic inches 
Cubic feet 
Cubic feet 
Cubic feet 
Cubic yards 
Cubic yards 
Dia. of sphere cubed 


W^hi 

Grains (avoirdupois) 
Ounces (avoirdupw) 
Ounces (avoirdupois) 
Pounds (avoirdupob) 
Founds (avoirdupois) 
Pounds (avmrdupois) 
Tons (avoirdtqMMs) 
Tons (avcMupois) 


X 

.08SS 

— feet 

X 

.08778 

yards 

X 

.00001578 •- ma.. 

X 

.8S33 

-« yards 

X 

.0001804 

* miles 

X 

80.00 

n inches 

X 

3.00 

* feet 

X 

.0005681 

miles 

X 

63860.00 

» inches 

X 

5280.00 

* feet 

X 

1760.00 

* yards 

X 

.3188 

* diameter 

X 

S.1416 

» circumference 

X 

.00604 

* square feet 

X 

.0007716 

* square yards 

X 

144.00 

•• square inches 

X 

.11111 

M square yards 

X 

1206.00 

* square inches 

X 

0.00 

» square feet 

X 

.7854 

■■ area 

X 

3.1416 

* surface 

X 

.0005787 

* cubic feet 

X 

. 00002143 cubic \'ards 

X 

.004320 

* U. S. ^llons 

X 

1728.00 

* cubic inches 

X 

.03704 

* cubic yards 

X 

7.4805 

U. S. gallons 

X 

46656.00 

* cubic inches 

X 

27.00 

wm cubic feet 

X 

.5236 

* volume 

X 

.002286 

* ounces 

X 

.0625 

* pounds 

X 

.00003125* tons 

X 

16.00 

* ounces 

X 

.01 

* hundredweight 

X 

.0006 

* tons 

X 

32000 00 

* ounces 

X 

2000.00 

* pounds 



Tables and Data 


- 4 ^ 


En^ish Convmtott Table 


Energy 
Horsepower 
B. t. u. 

Ton of refrigeration 
Pressure 

Lbs. per sq. in. 

Ft .of water (eO*T.) 
Ins. of water (00*^F.) 
Lbs. per sq. in. 

Lbs. per sq. in. 

Ins. of Ilg (CO‘»F,) 

Pomr 

Horsepower 

Watts 

Horsepower 


X 83000. 

X 778. «« 

X 800. 


X «.S1 

X .438 

X .0301 

X 87.70 

X 8.041 

X .490 


X 746. 

X .001341 

X 42.4 


wft.4bf. per mio. 
->ft.4bB. 

»B. t. u. per iniiia 


w ft. of water (60T*) 
n lbs. per sq. in. 

B lbs. per sq. in. 
ss ins. of water (60*Fj 
« ins. of Hg. (60®F.) 
» lbs. per an. 


B watts 
B horsepower 
« B. t. u. per mina 


Wafer Factors (at point of greatest density— 39. 8®F) 


Miners inch (of water) X 

Cubic inches fof water) X 

Cubic inches (of water) X 

Cubic inches (of water) X 

Cubic inches (of water) X 

Cubic feet (of water) X 

Cubic feet (of water) X 

Cubic feet (of water) X 

Cubic feet (of water) X 

Cubic foot of icc X 

Ounces (of water) X 

Pounds (of w'atcr) X 

Pounds (of water) X 

Pounds (of water) X 

Pounds (of w'ater) X 

Tons (of neater) X 

Tons (of water) X 

Tons (of water) X 

U. S. gallons X 

U. S. gallons X 

U. S. gallons X 

U. S. gallons X 

U. S. gallons X 


Engliw gallons (Imperial) X 
English gallons (Imperial) X 
English gallons (Imperial) X 
English gallons (Imperial) X 
En^ish gallons (Imperial) X 


8.976 » U. S .gals, pes null* 


.57798 

** ounces 

.036124 

» pounds 

.004329 

B U. S. gallons 

.003007 

B Englisn gallons 

68.425 

« pounds 

.03121 

B tons 

7.4805 

6.232 

B U. S. ^UonS 

B Englt^ gallons 

67.2 

B pounds 

1.73 

B cubic inches 

86.68 

B cubic inches 

.01602 

B cubic feet 

.1198 

» U. S. gallons 

.0998 

B English gallons 

S8.04 

B cubic feet 

239.6 

199.6 
831.00 

B U. S. gallons 

B English ^lons 
« cubic in^es 

.13368 

« cubic feet 

B.345 

B pounds 

,8327 

B English gallons 

$.785 

B liters 

877.41 

» cubic Incbes 

.1605 

B cubic feet 

10.08 

B pounds 

B u. S*^gaUoni 

1.801 

4.546 

-Uten 


Tdblea and Diiia 


Metric Gonverskm Table 


ZmgOk 


Millimeters 

X 

.03937 


inches 

MilUmeters 

+ 

25.4 

am 

inches 

Centimeters 

X 

.3937 

mi 

inches 

Centimeters 

4- 

2.54 

V 

inches 

Meters 

X 

39.37 

m 

inches (Act. Cong.) 

Meters 

X 

3.281 

am 

feet 

Meters 

X 

1.0936 

mm 

yards 

Kilometers 

X 

.6214 

m 

miles 

Kilometers 

+ 

1.6093 


miles 

Kilometers 

X 

3280.8 


feet. 

Arta 

Sq. MilUmeters 

X 

.00155 


sq. in. 

Sb« MilUmeters 


645.2 

W 

sq. in. 

Sq. Centimeters 

X 

.155 

■a 

sq. in. 

Sq. Centimeters 

+ 

6.452 

mi 

sq. in. 

Sq. Meters 

X 

10.764 

m 

sq. ft. 

Sq. Kilometers 

X 

247.1 

mm 

acres 

Hectares 

X 

2.471 


acres 

Vplums 

Cu. Centimeters 

+ 

16.387 

i« 

cu. in. 

Cu. Centimeters 

-#• 

3.69 

■■ 

fl. drs. (U.S.P.) 

Cu. Centimeters 

H- 

29.57 

■■ 

fl. or. (U.S.P.) 

Cu. Meters 

X 

35.314 

■> 

cu. ft. 

Cu. Metei'S 

X 

1.308 


cu. yards 

Co. .Meters 

X 

264.2 


gals. (231 cu. in.) 

Utres 

X 

61.023 

mm 

cu. in. (Act. Cong.) 

Litres 

X 

33.82 

mm 

fl. oz. (U.S.P.) 

Litres 

X 

.2642 

mm 

gals. (231 cu. in.) 

Litres 


3.785 


gals. (231 cu. In.) 

Litres 

-1- 

28.317 

■■ 

cu. ft. 

Hectolitres 

X 

3.531 

tm 

cu. ft. 

Hectolitres 

X 

2.838 

mm 

bu. (2150.42 cu. in.) 

Hectolitres 

X 

.1308 

am 

cu. yds. 

Hectolitres 

X 

26.42 


gals. (231 cu. in.) 




Grams 



Grams 

Kikhgrsms 



mins (Act. Cong.) ^ 

dynes 

fl. oz. 


ps. avoirdupois 
lbs. 


X 




TmM— mnd Dtim 


Metric Conversion Table (Coat.) 


WtiiU 

Kilo-grams 

Kilo-grams 

•Tonneau (Metric ton) 
Tonneau (Metric ton) 


X 

X 

X 

X 


3S.27 
.0011023 
1 . 1023 
2204.6 


oz. avoirdupois 


tons (2000 1 


-r tons (2000 1 

lbs. 


a 


Vnii Wetght 


Grams per cu. cent. 

Kilo per meter X 

Kilo per c«. meter X 

Kilo p«‘r Chev.Tl X 

Grams per liter X 


27.C8 » lbs. per cu. in. 

,<»72 es lbs. per ft. 

.0G243 lbs. per cu. fL 
2.23.> m lbs. per h. p. 
•0G243 ss lbs. per cu. ft# 


PrexsurB 

Kilo-grams per sq. cm. X 

Kilo-grams per sq. cm. X 

Atmospheres (internal iotial) X 


14.2^3 m Jhs. per sq. in. 
32.8^ ■* ft. of water (C0*F«) 

14. COO m lbs. per sq. in 


Energy 

Joule 

Kilo-gram meters 


X .7370 » ft. lbs. 

X 7.83P ft. lbs. 


^ Potoer 


Chcval vat>eur 

X 

.mta 

*= ll. p. 

Kilo'watU 

X 

1.341 

« h. p. 

Walls 

-s- 

74(i. 

« h. p. 

iVatts 

X 

.7375 

es ft. lbs. per see. 


MieceUememis 
Kilogram calorie 
Standard gravity 
, (Sea l^vei 43* lat.) 
Kc|gories/br. (FreaclO 


X S.0G8 
HP POO.GOJ 

^ $023.0 


•» B. t. u. 

■* centimeters per snCb 
per see. 

m Tons fslnigacalimi 



and Dmltt 


nts loBMrinc psum thow UmpentiirM €1) Fahrenheit and Geiitigimde thirmometefi* 

Equivalent Temperature Reedltqjts for Fahrenheit 
and Centigrade Scales 


















Tablet and Daia 


Equivalent Temperature ReadlaEe lor Fabrcnlielt 
and Gentiftrade Scalee 

















Tables and Data 


Decimal and Millimeter Equivalents 
of Fractional Parts of an Inch 


ladiei 

Inches 

mm 

Inches 


.01563 

BSI 

33-64 

1-3^ 

.0.3125 


17-32 

3-64 

.01688 


35-64 

1-16 

.0625 

1.587 

9-16 

5-64 

.07813 

1.981 

37-64 

3-S2 

J)93T5 

2..381 

19-32 

7-64 

a 0938 

2.778 

39-64 

1-a 

.125 

3.175 

5-8 

9*64 

.11063 

3.572 

41-64 

S-33 

.15625 

3.969 

21-32 

11-64 

.17188 

4.366 

43-61 

8-16 

.1075 

4.762 

11-16 

13-64 

.20313 

5.159 

45-64 

7-32 

.21875 

5.556 

23-32 

15-64 

.23138 

5.953 

47-64 

1-4 

.25 

6.350 

3-4 

17-64 

.26563 

6.747 

49-64 

9^2 

.28125 

7.114 

25-32 

19-64 

.29688 

7.511 

51-64 

5-16 

.3125 

7.937 

13-16 

21-64 

.32813 

8.334 

53-64 

11-32 

.34375 

8.731 

27-32 

23-64 

.35938 

9.128 

55-64 

3-5 

.375 

9.525 

7-8 

25-64 

.39063 

9.922 

57.64 

I$-32 

.40623 

loisi? 

29-32 

27-64 

.42188 

10.716 

59-64 

7-16 

.4375 

11.113 

15-16 

29-64 

.45313 

11.509 

61-64 

15-82 

.46875 

11,906 

31-32 

81-M 

.40438 

12.303 

63-64 

1-2 

.5 

12.700 

1 



.95313 

.96875 

.98138 

1.00000 


24.209 

24.606 

25.003 

25.400 

















































